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STUDIES  ON  THE  DEEP  SEA  PROTOBRANCHIA;  THE 
SUBFAMILY  SPINULINAE  (FAMILY  NUCULANIDAE) 


J.  A.  ALLEN' 
H.  L.  SANDERS- 


ABSTRACT.  Species  of  the  subgenera  Spi)iula  and 
Bathyspintila  are  conil>ined  within  a  new  subfani- 
il>'  Spinulinae  of  the  family  Nuculanidae.  Five 
species  of  the  genus  Spinuhi  are  described  from  the 
lower  slope  (500-2000  m)  and  abyss  (2000-5000  m) 
of  the  Atlantic;  four  are  new  to  the  Atlantic,  three 
are  new  to  science,  and  one  requires  redescription. 
Detailed  descriptions  of  their  morphology  are  given 
and  comparisons  are  made.  It  is  suggested  that  the 
genus  Spiiuihi  is  a  fast,  subsurface  burrower,  ca- 
pable of  processing  large  amounts  of  sediment,  and 
may  be  the  abyssal  counterpart  of  the  shallow  water 
Tellinacea.  It  is  also  suggested  that,  in  association 
with  the  taking  in  of  large  quantities  of  sediment, 
these  animals  are  modified  to  eject  excessive 
amounts  of  pseudofaeces  via  the  feeding  aperture 
and  with  the  aid  of  the  posterior  margin  of  the  foot. 
This  process  may  involve  using  the  secretions  of 
the  'byssal  gland'  as  adhesive  material  to  hold  the 
flocculant  waste  together. 

INTRODUCTION 

In  our  first  three  papers  in  this  series 
on  the  protobranchiate  bivalves  of  the 
abvssal  Atlantic  (Sanders  and  Allen, 
1973,  1977;  Allen  and  Sanders,  1973)  we 
investigated  clearly  defined  groups  which 
have  characters  that  are  in  many  ways 
extreme  in  form  relative  to  the  majority 
of  the  species  of  the  Protobranchia.  In  the 
present  paper  we  turn  to  the  genus  Spi- 
nula,  which  is  represented  by  five 
species  in  our  samples.  These  form  a 
component  part  of  a   larger  group   of 
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species  exhibiting  a  spectrmn  of  charac- 
ters which  we  (as  others  before  us)  have 
found  difficult  to  split  into  well-defined 
sub-units.  All  species  of  the  group  are 
characterized  by  having  the  shells  ros- 
trate posteriorly  and  at  least  a  portion  of 
the  ligament  internal.  We  place  these  to- 
gether in  a  single  family,  the  Nuculani- 
dae, which  we  divide  into  three  sub- 
families: Spinulinae,  Ledellinae,  and 
Nuculaninae.  The  two  latter  subfamilies 
will  be  subjects  of  later  papers  in  this  se- 
ries. 

The  proposed  division  is  at  variance 
with  the  conclusion  of  Filatova  (1958) 
that  Spiniila  is  not  related  to  the  genus 
Leda  (^Nuciilana)  as  had  been  originally 
maintained  by  Dall  (1908).  Filatova 
(1958,  1976)  referred  Spinula  to  the  fam- 
ily Malletiidae,  stating  that  Spinula,  in 
common  with  other  members  of  this  fam- 
ily, has  an  external  ligament.  She  also 
noted  anterior  and  posterior  rows  of  fine 
hinge  teeth  separated  by  a  toothless  area 
below  the  umbo  and  an  internal  liga- 
ment. 

Knudsen  (1970)  believed,  as  did  Yonge 
(1939),  that  there  is  no  justification  for 
separating  the  Malletiidae  from  the  Nu- 
culanidae. For  the  present,  we  can  state 
unequivocally  that  our  own  extensive 
material  shows  that  Knudsen  (1970)  was 
correct  in  placing  Spinuhi  close  to  Led- 
ella  and  Nuculana  and  that,  while  Spi- 
nula and  Ledella  are  closely  related  (Ta- 
ble 1),  Spinula  and  Malletia  are  clearly 
not. 


Bull.  Mus.  Comp.  Zool.,  150(1):  1-30,  January,  1982         1 


Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  1 


Family  NUCULANIDAE  Adams  and 
Adams,  1858 

Shell  laterally  compressed,  oval  in  out- 
line except  for  non-gaping  rostrate  pos- 
terior margin,  shell  frequently  ornament- 
ed with  concentric  lines  or  ridges; 
ligament  either  entirely  internal  or  with 
internal  and  external  part;  posterior  si- 
phons present,  the  inhalent  and  exhalent 
lumina  of  which  may  or  may  not  be  sep- 
arated by  fused  tissue. 

The  three  subfamilies  may  be  separat- 
ed on  the  form  and  position  of  the  ros- 
trum. 

Subfamily  Nuculaninae:  rostrum 
fonned  as  a  continuous  extension  of  dor- 
sal shell  margin;  ventral  margin  of  ros- 
trum forms  part  of  the  convex  ventral 
margin  of  the  shell. 

Subfamily  Ledellinae:  rostrum  formed 
as  a  submedial  beaked  extension  of  the 
posterior  shell  margin;  ventral  concave 
flexure  where  the  base  of  rostrum  meets 
the  convex  ventral  margin  of  shell  (Table 

1). 
Subfamily  Spinulinae:  rostrum  formed 

as  a  supramedial  or  occasionally  medial 
extension  of  the  posterior  shell  margin; 
ventral  concave  flexure  where  base  of 
margin  meets  convex  ventral  margin  of 
shell.  A  detailed  diagnosis  of  this  subfam- 
ily follows. 

Subfamily  SPINULINAE 

Shell  moderately  robust,  laterally  com- 
pressed, oval  in  outline  except  for  non- 
gaping  rostrate  posterior  margin;  rostrum 
triangulate,  supramedial,  rarely  medial; 
shell  glossy  with  concentric  lines  or 
ridges;  ligament  amphidetic  with  small 
internal  triangular  resilium  and  external 
outer  layer  extended  by  fused  periostra- 
cum;  hinge  plate  with  small,  chevron- 
shaped  teeth;  hind  gut  usually  with 
numerous  coils  to  right  side  of  body  or, 
exceptionally,  a  single  loop  to  the  right; 
palps  moderately  large  with  many  narrow 
palp  ridges;  adductor  muscles  unequal  in 
size,  the  anterior  being  larger;   siphons 


formed  by  fusion  of  inner  muscular  man- 
tle lobes  ventral  to  incurrent  siphon,  no 
intersiphonal  septum  present. 

Genus  Spinula  Dall,  1908 

T\pe  species:   Leda  (Spinula)  calcar  Dall,   1908, 
original  designation. 

The  subfamily  is  monogeneric,  Spi- 
nula being  defined  identically  with  the 
definition  of  the  subfamily. 

Two  subgenera,  Spinula  and  Bathy- 
spinula  Filatova,  1958  are  recognized. 

Subgenus  Spinula  Dall,  1908 

Type  species:  as  for  genus. 

Surface  of  shell  with  very  fine  concen- 
tric ridges;  valves  compact,  relatively 
sturdy;  periostracum  smooth,  glossy;  tip 
of  rostrum  sharp. 

Subgenus  Bathyspinuta  Filatova,  1958 

Type   species:    Spinula   {Bafhij spinula)    oceanica 
Filatova,  1958,  here  designated. 

In  addition  to  concentric  ridges  on  sur- 
face of  shell,  straight  ridges  in  the  form 
of  striae  obliquely  intersect  the  concen- 
tric ridges;  tip  of  rostrum  blunt  and 
rounded. 


WORLD  LIST  OF  SPINULA  (NOT 
INCLUDING  PRESENT  RECORDS) 

Spinula  calcar  (Dall,  1908).  Recorded  from  the  Pa- 
cific (4067-5535  ni).  See:  Dall  (1908);  Hertlein 
and  Strong  (1940);  Filatova  (1958,  1976);  Wolff 
(1960);  Clarke  (1962);  Belyaev  (1966);  Knudsen 
(1970);  Okutani  (1974,  1975).  Spinula  calcarella 
(Dall,  1908)  is  now  regarded  as  being  identical 
to  S.  calcar  (Knudsen,  1970;  Filatova,  1976), 
although  Filatova  (1958)  originally  regarded  it  as 
a  subspecies  of  S.  calcar  and  not  a  Bathijspinula. 
We  have  not  recorded  this  species  in  the  Atlantic. 

Spinula  subexcisa  (Dautzenberg  and  Fischer,  1897) 
i=S.  excisa  of  authors,  non  S.  excisa  Philippi, 
1844).  Supposedly  recorded  throughout  the  fol- 
lowing Basins  (see  p.  21):  Labrador,  N.  America, 
Norway,  W.  Europe,  Argentine,  Agulhas,  Angola, 
and  the  Mid-Atlantic  Ridge  in  the  region  of  the 
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Table  1.    Comparison  of  subfamilies  Ledellinae  and  Spinulinae. 


Ledellinae 


Spinulinae 


1)  Adductors  equal  in  size  or  almost  so. 

2)  Posterior  margin  rostrate,  medial  or  submedial. 

3)  Ligament  amphidetic,  usualK  internal  (except  in 
L.  kentuulecensis);  short  central,  inner  and  outer 
layers  between  hinge  plates  extended  b>  fused 
periostracum. 

4)  Hind  gut  not  spiralK  coiled  to  right  (except  in 
L.  crassa,  which  is  similar  to  Spinula). 

5)  Shell  robust,  moderately  inflated,  usualb'  with  a 
matt  surface;  in  some  species,  after  reaching  a 
given  size,  a  change  in  spiral  angle  of  growth 
produces  a  flattened  shell  margin. 

6)  Palps  with  (<30)  palp  ridges  that  are  not 
exceptionally  narrow. 


1)  Adductors  unequal,  posterior  Va  size  of 
anterior. 

2)  Posterior  margin  rostrate,  supramedial  (rarely 
medial). 

3)  Ligament  amphidetic,  with  well-developed 
external  part;  internal  part  inset  as  resilium 
into  hinge  plate  below  umbo,  externally 
extended  by  outer  layer  and  fused 
periostracum. 

4)  Hind  gut  spirally  coiled  to  right  (except  in  S. 
calcar,  which  Knudsen  [1970]  figures  with  a 
single  loop). 

5)  Shell  moderately  robust,  usually  compressed, 
with  glossy  surface;  no  change  in  spiral  angle 
of  growth  of  shell. 

6)  Palps  with  numerous  (<50)  narrow  palp 
ridges.  Species  of  an  equivalent  size  with  ^72 
to  2  times  as  many  ridges  as  in  Ledella. 


Azores  (1848-.5L53  m).  See:  Jeffrevs  (1876,  1879); 
Smith  (1885);  Clarke  (1962). 

Spinula  pelvisshikokueusis  Okutani,  1975.  Record- 
ed from  the  northwestern  Pacific  (3610  m).  See: 
Okutani  (197.5). 

Spinula  filatovae  Knudsen,  1967.  Recorded  from 
Gulf  of  Aden  (2312  m).  See:  Knudsen  (1967);  Fi- 
latova(1976). 

Spinula  kermadecensis  Knudsen,  1970.  Recorded 
from  Kermadec  Trench  (5850-5900  m).  See: 
Knudsen  (1970). 

Spinula  tasmanica  Knudsen,  1970.  Recorded  from 
Tasman  Sea  (.3580  m).  See:  Knudsen  (1970);  Fi- 
latova(1976). 

Spinula  sp.  (Knudsen,  1970).  Recorded  from  the 
Bay  of  Bengal  (2820  m).  See:  Knudsen  (1970). 

Spinula  (Bafhyspinula)  hoaorovi  Filatova,  1958. 
Recorded  from  the  Riu  Kiu  Trench  (6726  m).  See: 
Filatova  (1958);  Wolff  (I960);  Clarke  (1962);  Be- 
lyaev  (1966);  Knudsen  (1970);  Filatova  (1976). 

Spinula  (Bafhyspinula)  oceanica  Filatova,  1958. 
Recorded  from  Japan  Trench  and  northwestern 
Pacific  (4653-6293  m).  See:  Filatova  (1958,  1976); 
Wolff  ( I960);  Suyehiro  etal.{  1962);  Clarke  ( 1962); 
Knudsen  (1970);  Okutani  (1974). 

Spinula  (Badiyspinula)  vityazi  Filatova,  1964.  Re- 
corded from  the  Kurile-Kamchatka  Trench  (6435- 
9335  m).  See:  Filatova  (1964,  1976);  Wolff  (1960) 
[S.  (B.)  vitiazi — n.  nudum];  Suyehiro  et  al.  (1962) 
(S.  sp.);  Clarke  (1962)  [S.  (B.)  vityazi — n.  nudum]; 
Belyaev  (1966);  Knudsen  (1970);  Okutani  (1974). 

Spinula   (Bafhyspinula)    knudseni    Filatova,    1976. 


Recorded  from   the   Kurile-Kamchatka  Trench 

(6400-6800  m).  See:  Filatova  (1976). 
Spinula   (Bafhyspinula)    fhorsoni   Filatova,   1976. 
Recorded  from  the  Romanche  Trench  (6380-6430 
m)  and  the  Puerto  Rico  Trench  (.5220-6400  m). 
See:  Filatova  (1976). 


SPECIES  OF  SPINULA  FROM 
THE  ATLANTIC 

Spinula  filatovae  Knudsen,  1967 
Figures  1-7  +  28 

Spinula  filafovae  Knudsen,  1967:  257,  fig.  8;  Fila- 
tova, 1976:  219.  (Type  locality:  JOHN  MURRAY 
Expedition,  Station  26,  Gulf  of  Aden,  Lat. 
12°29'.30"X,  Long.  .50°5r.30"E;  Holot\pe:  BM(.\H) 
1 96640  W.) 

Previous  records:  Gulf  of  Aden,  2312  m  (Knudsen, 
1967).  Western  Indian  Ocean,  3152-4.340  m  (Fi- 
latova, 1976). 

Present  records:  Depth  range  =  1261^340  m. 

Specific  Description.  Knudsen  (1967) 
described  this  species  from  one  speci- 
men taken  from  the  Gulf  of  Aden;  the  soft 
parts  were  not  studied  in  detail.  The 
present  specimens,  all  from  the  eastern 
Atlantic,  are  in  sufficient  number  to  con- 
firm and  extend  Knudsen's  description. 
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1  mm 

Figure  1.  Spinula  fllatovae.  Internal  view  of  right  valve  of 
a  specimen  from  Station  S44  to  show  details  of  the  hinge 
plate  and  shell  outline. 


Shell  thin,  with  moderately  strong  con- 
centric ridges,  elongate-oval  in  outline 
with  pointed  posterior  rostral  extension; 
umbos  somewhat  anterior,  low,  beaks 
curved  medially;  dorsal  margin  weakly 
convex;  antero-dorsal  margin  proximally 
straight  and  sloping  downward  to  form 
smooth  curve  with  anterior  margin;  pos- 
tero-dorsal  margin  slightly  convex, 
smoothly  curved;  rostrum  short,  sharply 
pointed,  separated  from  ventral  margin 
by  slight  sinuosity;  ventral  margin  long, 
moderately  convex,  smoothly  curved;  an- 


terior margin  short,  smoothly  rounded;  a 
ridge  or  keel,  better  developed  distally, 
extends  from  umbo  to  point  of  rostral  ex- 
tension; postero-dorsally  concentric  ribs 
fonii  right  angles,  the  point  of  origin  of 
which  coincides  with  ridge;  hinge  plate 
long,  rather  narrow,  anterior  and  poste- 
rior hinge  plates  with  10-12  chevron- 
shaped  teeth,  distal  5  in  each  series 
strong,  proximal  teeth  progressively 
smaller,  the  innermost  very  reduced  and 
difficult  to  discern;  ligament  amphidetic, 
internal  part  (resilium)  small,  approxi- 
mately as  long  as  wide,  triangulate  with 
truncated  apex,  outer  layer  externally  ex- 
tended anteriorly  and  posteriorly  by 
fused  periostracum  to  the  level  of  the  in- 
sertion of  the  sixth*  tooth  of  both  anterior 
and  posterior  hinge-tooth  series  (Fig.  1). 
Larval  shell  385  /am  in  length;  maximum 
recorded  shell  length  6.1  mm. 

Our  specimens  correspond  in  most  re- 
spects with  Spinula  filatovae  as  de- 
scribed by  Knudsen  (1967),  but  we  would 
not  regard  the  shell  as  thick  when  com- 
pared with  species  of  the  related  genus 
Ledella.  However,  this  is  a  subjective 
term,  and  there  is  no  doubt  that  for  an 


*  Numbered  from  the  distal  ends  of  the  series. 


Table  2.     Records  for  Spinula  filatovae  Knudsen. 


C^niisc 

No. 

Station 
no. 

Depth 

(111) 

No.  of 
specimens             Latitude 

Longitude 

Gear 

Date 

West  Europe  Basin 

SARSIA 

— 

S.44 

1739 

43           43°40.8'N 

3°35.2'W 

ES* 

16.7.69 

SARSIA 

— 

7610 

1100- 
1185 

12           43°42.5'N 
Cape  Verde  Basin 

3°48.6'W 

Agassiz 
Dredge 

10.9.76 

ATLANTIS  11 

31 

142 

1624- 
1796 

19            10°30.0'N 
Guinea  Basin 

17°51.5'W 

ES 

5.2.67 

WALDA 



DS27 

1261 

1              3°30.7'N 

5°31.8'E 

ES 

.30.8.71 

WALDA 

DS28 

1376 

49              4°21.2'N 

4°35.2'E 

ES 

30.8.71 

Epibenthic  sled. 
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abyssal  species  this  has  a  well-calcified  ner  and  outer  epithelium,  a  regular  series 

shell.  The  figure  of  the  type  (Knudsen,  of  fine   longitudinal   muscle   strands   lie 

1967),  admirahK'  drawn  by  the  late  Paul  parallel  to  and  equally  spaced  from  each 

Winther,  is  entireK' accurate.  Only  S. /(/.s-  other  (Figs.  2,   19).  There  is  little  or  no 

inanica   approaches  the  present  species  hemocoelic  space  within  the  siphon.   It 

in  general  shape  (Knudsen,  1970),  but  it  is   doubtful   if  the    low-crested   lateral 

differs  in  being  stouter,  having  a  heav\'  ridges  permanently  separate  an  inhalent 

hinge  plate  with  massive  teeth,  and  hav-  from  an  exhalent  part  by  their  approxi- 

ing  a  more  prominent  posterior  rostrum.  mation.  No  interlocking  cilia  can  be  seen 

The  amphidetic  ligament  consists  of  a  in  section.  Scattered  mucous  cells  are 
small,  triangular  wedge-shaped  internal  present  in  the  inner  epithelium.  The 
part,  the  resilium,  and  an  external  part  anus  lies  immediately  dorsal  to  the  inner 
extending  anterior  and  posterior  to  the  limit  of  the  siphon,  above  the  origin  of 
umbo.  The  dorsal  surface  of  the  resilium  the  axial  ridges,  so  that  faeces  tend  to  be 
is  visible  externally  and  consists  of  an  in-  extruded  into  the  dorsal  half  of  the  si- 
ner  layer  overlain  dorsally  and  distally  phonal  tube.  The  ridges  almost  certainly 
and  to  some  extent  laterally  by  the  outer  act  as  guides  for  the  passage  of  the  faeces, 
layer.  DorsalK',  the  resilium  is  overlain  The  diameter  of  the  faecal  rod  is  about 
b\- a  thin  la>'er  of  fused  periostracum.  The  half  the  height  of  the  lumen  of  the  si- 
external  ligament  is  arched,  elongate,  phon,  and  fragments  of  the  faecal  rod 
and  spindle-shaped  in  outline.  It  is  con-  have  been  observed  dorsally.  The  gills 
nected  anteriorly  and  posteriorly'  to  the  act  as  a  pump;  thus  on  the  upstroke 
internal  ligament  by  a  ver\'  narrow  neck  faeces  may  be  extruded  as  water  is  pass- 
of  material.  The  external  extensions  of  ing  anteriorly  along  the  lower  half  of  the 
the  ligament  comprise  an  outer  layer  and  lumen  due  to  the  reduced  pressure  with- 
thickened  fused  periostracum,  the  latter  in  the  lower  part  of  the  mantle  cavity.  As 
extending  beyond  the  limits  of  the  outer  in  all  protobranchs,  the  faecal  rod  is  solid 
layer.  and   does   not  easily   fragment.   Alterna- 

Morphology.  With  the  exception  of  the  tively,  water  could  pass  into  the  mantle 
posterior  margin,  the  structure  of  the  via  the  feeding  aperture  ventral  to  the  si- 
mantle  is  little  modified.  The  mantle  phons,  although  this  is  unlikely  if  the  an- 
edge  is  for  the  most  part  not  fused.  Pos-  imal  is  buried  to  the  extent  its  morphol- 
teriorh',  a  combined  inhalent  and  exhal-  ogy  suggests  (see  p.  28).  The  siphons  can 
ent  siphon  is  present,  formed  by  fusion  be  completely  retracted  within  the  shell 
of  inner  muscular  mantle  lobe.  A  spe-  and  are  extended  from  a  position  imme- 
cialized  area  below  the  siphon  almost  diately  ventral  to  the  posterior  rostral  ex- 
certainly  marks  the  point  at  which  the  tension  of  the  shell.  In  the  retracted  state, 
palp  proboscides  are  extended  onto  the  the  siphons  are  bent  into  an  S-shape. 
sediment.  A  single  siphonal  tentacle  is  Three  retractor  muscles  extend  into  the 
present  on  the  left  or  right  side,  and  on  mantle  tissue  at  the  posterior  limit  of  the 
the  anteroventral  mantle  margin  there  is  siphonal  embayment. 

a  pair  of  anterior  sense  organs.  Both  of        Ventral  to  the  siphons  is  a  broad  and 

these  structures  are  specializations  of  the  deep  specialized  area  of  the  mantle  that 

middle  sensory  mantle  lobe  (see  p.  24).  is  undoubtedly  associated  with  feeding 

The  siphons,  combined  as  a  somewhat  and  which  we  refer  to  as  the  feeding  ap- 

laterally  compressed  tube,  possess  inter-  erture  (Sanders  and  Allen,  1977)  (Fig.  2). 

nally  and  laterally  a  series  of  ridges,  of  Here,  the  inner  mantle  lobe  is  enlarged 

which  one  pair  (left  and  right  midlateral)  both  in  thickness  and  width  and  much 

originates  from  the  posterior  ends  of  the  folded  in  the  contracted  state.  Immedi- 

gill  axes.  Within  the  ridges,  between  in-  ately  internal  to  the  muscular  lobe  is  an 
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Figure  2.     Spinula  filatovae.  Semidiagrammatic  view  of  right  side  of  the  animal  to  show  disposition  of  the  organs. 


additional  lobe  that  i.s  thinner  and  nar- 
rower than  the  former,  but  which  lies  par- 
allel to  it  and  extends  the  length  of  the 
feeding  aperture.  The  epithelium  on  the 
ventral  side  of  the  additional  lobe,  the 
dorsal  side  of  the  muscular  lobe,  and  the 
epithelium  between  the  two,  is  richly 
supplied  with  acidophilic  gland  cells. 
This  band  of  gland  cells  is  continued  an- 
teriorly to  the  inside  of  the  inner  mus- 
cular lobe,  although  the  cells  here  are 
fewer  in  number.  Internal  to  the  feeding 
aperture,  there  is  a  series  of  fine  radiating 
pallial  retractor  muscles,  and  it  is  clear 
that  this  area  of  the  mantle  is  capable  of 
considerable  extension.  The  tips  of  the 
contracted  palp  proboscides  lie  close  to 
the  second  mantle  lobe.  Although  there 
is  no  fusion  ventrally  to  form  a  separate 
aperture,  the   opposing  inner  muscular 


lobes  undoubtedly  come  together  at  this 
point  and  thus  separate  the  feeding  ap- 
erture from  the  extensive  pedal  gape. 

The  adductor  muscles  are  unequal  in 
size  (Fig.  2),  with  the  'quick'  and  'catch' 
parts  obvious  (Fig.  4).  The  smaller  pos- 
terior adductor  muscle  is  pear-shaped  in 
outline.  The  anterior  adductor  is  cres- 
cent-shaped and  about  2.5  times  as  large 
in  cross  section  as  the  posterior.  Imme- 
diately below  the  anterior  adductor,  at 
the  mantle  edge,  is  the  anterior  sense  or- 
gan (see  p.  24).  A  single  siphonal  tenta- 
cle, common  to  many  protobranch  bi- 
valves, arises  from  a  short  pocket  on 
either  the  right  or  left  side  of  the  base  of 
the  siphon.  The  tentacle  is  developed 
from  the  middle  sensor\'  lobe  of  the  man- 
tle. It  consists  of  an  elongate,  finely  ta- 
pering cone  which  in  transverse  section 
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comprises  a  single  outer  layer  of  large 
cuboid  epithelial  cells  which  appear 
fiueK'  granular  and  ma\-  he  secretory 
(Fig.  26a).  To  the  inside  is  a  single  layer 
of  elongate  connective-tissue  cells  be- 
tween which  are  scattered  gland  cells 
with  ducts  to  the  outside.  In  the  central 
core  is  a  large  nerve  together  with  a  few 
fine  muscle  cells.  As  in  the  case  of  the 
siphon,  although  there  is  some  hemo- 
coelic  space,  it  is  not  large.  The  tentacle 
clearly  has  a  sensor\'  function,  but  it  may 
also  assist  in  the  cleansing  of  the  siphonal 
region,  including  the  feeding  aperture. 

The  gills  lie  parallel  to  the  dorsal  pos- 
terior shell  margin  (Fig.  2).  They  are  well 
developed  with  approximately  26  gill 
plates  to  each  side  of  the  axis.  The  outer 
and  inner  demibranchs  are  attached  to 
the  mantle  and  body,  respectively,  by  tis- 
sue juctions.  Posterior  to  the  foot,  the  last 
three  or  four  plates  of  the  opposing  inner 
demibranchs  join.  The  gill  axes  join  with 
the  siphonal  ridges. 

The  palps  are  moderately  large  and, 
depending  on  the  size  of  the  animal,  have 
approximately  25-50  closely  spaced 
ridges  on  their  inner  faces.  The  palp  pro- 
boscides  are  relatively  slender.  The 
palps  extend  across  the  posterior  quarter 
of  the  body.  The  mouth  is  set  behind,  but 
close  to,  the  anterior  adductor  muscle. 

The  foot  is  extremely  well  developed 
and  of  typical  nuculanid  form,  having  a 
narrow  base  (Fig.  3).  The  divided  sole  is 
elongate  and  has  finely  papillate  edges. 
Due  to  the  presence  internally  of  a  large 
'byssal'  gland,  the  posterior  ventral  mar- 
gin of  the  foot  bulges  laterally.  A  highly 
muscular  foot  must  indicate  active  loco- 
motion. 

The  posterior  pedal  retractor  muscles 
comprise  a  thick,  wide  strap  that  inserts 
onto  the  shell  on  either  side  of  the  hind 
gut  anterior  to  the  posterior  adductor 
muscle  (Fig.  2).  There  is  also  a  small  pos- 
tero-lateral  muscle  lying  immediately 
posterior  to  the  stomach  (Fig.  4).  Three 
major  pairs  of  anterior  pedal  retractor 
muscles  arise  anteriorly  from  the  base  of 
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Figure  3.  Spinula  filatovae.  Lateral  view  of  the  foot  to 
show  position  of  the  left  series  of  anterior  pedal  retractor 
muscles. 


the  foot  and  insert  posterior  to  the  ante- 
rior adductor  on  either  side  of  the  oe- 
sophagus (Fig.  4a).  These  overlap  one 
another  where  they  join  the  foot:  the  in- 
nermost muscle  having  the  most  poste- 
rior insertion  on  the  shell;  the  outermost, 
the  most  anterior  insertion.  In  section, 
the  innermost  muscle  is  seen  to  be  split 
in  the  sagittal  plane. 

The  cerebral  ganglia  are  relatively 
small  while  the  visceral  are  elongate. 
The  pedal  ganglia,  which  are  the  largest, 
lie  far  posterior  within  the  foot  close  to 
the  mid  gut  and  are  relatively  ventral  in 
position  in  comparison  with  other  proto- 
branch  bivalves  (Fig.  2).  A  large  statocyst 
is  associated  with  each  pedal  ganglion 
and  lies  dorsal  to  it. 

The  mouth  is  displaced  posteriorly  to 
a  small  extent;  it  opens  to  a  relatively 
long  oesophagus  that  curves  anteriorly  to 
the  posterior  face  of  the  anterior  adductor 
before  passing  posteriorly  to  the  stomach. 
The  oesophagus  widens  considerably 
just  before  joining  the  stomach  (Fig.  4a). 
The  stomach  and  style  sac  lie  diagonally 
within  the  body. 

The  stomach  and  style  sac  are  huge, 
taking  up  most  of  the  central  body  space. 
The  stomach  externally  is  dark  brown  in 
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Figure  4.     Spinula  filatovae.  A.  Detail  of  the  external  features  of  the  right  side  of  the  stomach  and  associated  pedal 
muscles.  B.  Detail  of  the  disposition  of  the  hind  gut  coils  viewed  from  the  right  side. 


color.  There  is  a  large  gastric  shield  that 
occupies  more  than  one-third  of  the  stom- 
ach wall.  It  is  antero-dorsal  in  position 
and  extends  laterally,  hut  more  exten- 
sively to  the  left  than  to  the  right  (Fig.  5). 
The  remaining  anterior  wall  is  occupied 
by  eight  broad  ciliated  ridges  (Fig.  4a), 
and  at  their  anterior  limit  there  are  the 
apertures  of  three  ducts  leading  to  the 
digestive  diverticula.  The  posterior  wall 


of  the  stomach  adjacent  to  the  style  sac 
appears  to  be  without  ridges.  The  stom- 
ach is  cradled  by  the  anterior,  posterior, 
and  postero-lateral  pedal  retractor  mus- 
cles which  must,  on  contraction,  exert  a 
considerable  pressure  on  the  stomach 
and  constitute  a  major  force  pushing  ma- 
terial through  the  gut.  It  is  probably  sig- 
nificant that  the  digestive  ducts  are  far 
anterior  and  thus  are  anterior  to  the  main 
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muscular  force.  As  a  result,  material  will 
not  he  squeezed  into  the  digestive  gland. 
Although  the  hind  gut  is  ciliated  and 
without  obvious  musculatiue,  it  is  doul)t- 
ful  whether  the  cilia  can  he  the  main  mo- 
tive force  moving  material  in  the  long 
hind  gut.  There  is  little  or  no  space  be- 
tween faecal  rod  and  gut  wall. 

From  a  position  dorsal  to  the  pedal 
ganglia,  the  hind  gut  passes  posterior  to 
the  ganglia  deep  into  the  foot  and  curves 
antero-ventrally  to  the  ganglia.  It  then  re- 
traces a  course  parallel  to  the  descending 
section  before  passing  to  the  right  side  of 
the  body  at  a  point  immediately  below 
the  internal  ligament.  On  the  right  side, 
the  hind  gut  forms  six  tightly  packed  coils 
(Fig.  4b)  before  passing  mid-dorsally 
over  the  posterior  adductor  muscle  to  the 
anus.  There  is  no  penetration  b\  the  body 
tissue  of  the  blood  space  of  the  right  man- 
tle such  as  is  seen  in  the  Tindariidae 
(Sanders  and  Allen,  1977).  There  is  no 
typhlosole  present  in  the  hind  gut. 

Material  in  the  gut  consists  of  fine  clay 
particles  and  various  skeletal  remains 
that  are  too  finely  fragmented  to  identify 
except  to  note  that  many  are  pieces  of 
diatom  frustules  belonging  to  many 
species.  Material  in  the  stomach  looks  lit- 
tle different  from  that  in  the  hind  gut. 
Little  or  no  material  is  present  in  the  lu- 
men of  the  digestive  tubules,  and  no  skel- 
etal remains  were  noted  in  the  tubule 
cells. 

The  digestive  gland  is  present  both  to 
the  right  and  left  of  the  body  and,  for  the 
most  part,  lies  anterior  to  the  stomach.  On 
the  right  side  it  is  surrounded  by  the  coils 
of  the  gut  (Figs.  2,  5).  There  are  three 
primary  ducts  leading  from  the  digestive 
gland,  two  on  the  left  side  of  the  stomach 
below  the  base  of  the  exceptionally  large 
tooth  on  the  gastric  shield  and  a  third, 
slightly  more  anterior,  on  the  right  ven- 
tral wall  of  the  stomach  (Fig.  5). 

The  digestive  gland  cells  are  similar  to 
those  seen  in  other  protobranch  bivalves. 
Interstitial  cells  are  scattered  at  the  pe- 
riphery of  the  tubules,  and  some  of  these. 
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Figure  5     Splnula  fllatovae.  Transverse  section  through 
viscera  to  show  stomach  and  hind  gut  coils. 


like  the  epithelial  cells  of  the  digestive 
ducts,  contain  highly  refractile  golden 
granules  in  the  cytoplasm.  In  section,  the 
vacuolated  cells  appear  to  be  actively 
cutting  off  spherules  into  the  lumen  of 
the  tubule.  In  addition,  at  the  base  of 
many  of  the  vacuolated  cells,  there  are 
clear  spherical  inclusions  which  may  be 
the  contents  of  vacuoles.  From  the  ap- 
parent lack  of  food  material  in  the  tubule 
cells,  it  seems  almost  certain  that  much, 
if  not  all,  digestion  is  extracellular.  The 
kidney  is  moderately  large  and,  as  a  fea- 
ture common  to  many  deep-sea  bivalves 
(Allen  and  Turner,  1974;  Oliver  and  Al- 
len, personal  observation),  extends  for- 
ward on  either  side  of  the  posterior  half 
of  the  stomach.  A  single  layer  of  cuboid 
epithelial  cells  lines  the  wall  of  the  kid- 
ney. The  lumina  of  the  left  and  right 
sides  cross-connect  below  the  hind  gut 
posterior  to  the  point  where  the  hind  gut 
passes  through  the  ventricle  of  the  heart. 
Reproduction.  Sexes  are  separate;  go- 
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Figure  6.  Spinula  filatovae.  Lateral  views  of  a  series  of 
specimens  to  show  change  in  shell  outline  with  increasing 
size. 


nads  were  only  observed  in  a  few  speci- 
mens of  2.6  mm  total  length  and  above. 
Egg  numbers  are  small,  about  20  in  a 
specimen  of  2.6  mm.  Several  of  the  larger 
specimens  (3.9  mm)  appear  to  be  spent. 
The  gonads  overlie  the  lateral  and  dorsal 
side  of  the  viscera  and  are  in  a  similar 
position  on  each  side  of  the  body.  Be- 
cause of  lack  of  maturity',  maximum  egg 
diameter  could  not  be  determined.  At 
maximum  the  gonad  forms  a  ring  around 
the  coils  of  the  hind  gut  or,  on  the  left, 
the  digestive  diverticula.  For  the  most 
part,  the  larger  the  animal  the  more  ma- 
ture is  the  gonad;  however,  not  all  large 
specimens  have  maturing  gonads.  The 
gonadal  aperture  lies  close  to  the  aper- 
tures of  the  kidney,  anterior  to  the  pos- 
terior pedal  retractor  muscles. 

Growth.  The  larval  shell  is  large  (ap- 
prox.  385  /xm  in  length).  The  adult  shell 
and  rostrum  become  relatively  more 
elongate   with   growth.    Height  to   total 


length  ratios  and  posterior  length  (  =  dis- 
tance from  umbo  to  distal  margin)  to  total 
length  ratios  confinn  the  visual  observa- 
tion (Figs.  6,  7).  The  minimum  length  re- 
corded is  1.2  mm,  the  maximum  6.1  mm. 
Both  of  the  largest  samples  (D.S.  28  and 
S.  44)  from  the  Canaries  and  Biscay  respec- 
tively have  similar  length  frequency  his- 
togram to  size  range  (Fig.  7).  There  are 
no  clear  peaks  to  be  seen,  suggesting  per- 
haps that  the  production  is  not  confined 
to  a  short  breeding  season. 

Spinula  sp. 

Figures  8-10  +  28 

Records:  Depth  range  =  4800-5000  m. 

Because  two  of  the  three  specimens 
have  been  lost  and  the  third  has  been 
decalcified  and  made  into  a  slide  for  the 
study  of  its  soft-part  anatomy,  this  species 
will  not  be  named. 

Description.  Shell  stout,  thick,  with 
strong,  even,  concentric  ridges,  some- 
what elongate-oval  in  outline,  rostrum 
short,  bluntly  pointed;  umbos  raised, 
moderately  prominent,  inflated,  slightly 
posterior  of  middle,  beaks  medially 
curved;  dorsal  margin  strongly  convex; 
longer  antero-dorsal  margin  slopes  sharp- 
ly downward  to  form  smooth  curve  with 
anterior  margin;  shorter  postero-dorsal 
margin  almost  straight  to  about  level  of 
distal  end  of  posterior  hinge  plate,  there- 
after angled  ventrally  to  fonn  short,  blunt 
rostrum  separated  from  ventral  margin  by 
slight  sinuosity;  ventral  margin  long, 
moderately  convex,  smoothly  curved; 
weak,  although  wide,  keel  extends  from 
umbonal  region  to  limit  of  rostrum;  con- 
centric ridges  turn  sharply  at  right  angles 
where  they  cross  the  keel;  hinge  plate 
broad,  strong,  relatively  long;  anterior 
and  posterior  hinge  plates  with  about  10 
chevron-shaped  teeth,  distal  5  large  and 
strong,  more  proximal  teeth  progressive- 
ly smaller,  most  medial  teeth  so  reduced 
as  to  be  difficult  to  see;  ligament  amphi- 
detic,  internal  part  (resilium)  large  and 
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Figure  7.     Spinula  filatovae.  Changing  shell  shape  with  increasing  size  as  measured  by  the  ratios  height/total  length 
and  posterior  shell  length  (umbo-rostrum)/total  length  to  total  length. 


triangulate,  with  external  extension  elon- 
gate, narrow,  anterior  and  posterior  parts 
of  approximateK'  equal  length,  extending 
to  level  of  fifth  tooth,  both  on  anterior  and 
posterior  hinge  plate.  Maximum  record- 
ed shell  length  3.8  mm. 

Of  other  described  species  of  Spinula, 
only  S.  tasmanica  has  such  a  thick  hinge 
plate  and  large  teeth  (Fig.  8);  however, 
S.  tasmanica  is  more  elongate  with  a 
sharply  pointed  rostrum  and  with  a  low 
umbo  clearlv  anterior  in  position  (Knud- 
sen,  1970). 

Morphology.  As  we  have  only  three 
specimens  of  this  species,  sections  were 
not  taken,  and  the  following  description 
is  from  a  single  specimen  as  a  whole 
mount  stained  in  hematoxylin  (MCZ 
279903). 


The  mantle  structures  differ  little  from 
those  described  for  Spinula  filatovae. 
The  combined  siphon  is  particularly 
large  and  deep.  The  feeding  aperture  is 
extensive,  and  the  inner  mantle  lobe  is 
extremely  deep.  It  should  be  noted  that 
the  ventral  posterior  corner  of  the  foot  is 
extended  and  lies  close  to  the  feeding 
aperture  and  may  well  aid  in  pushing  out 
the  pseudofaeces  from  the  mantle  cavit\', 
as  happens  in  other  protobranch  bi- 
valves. 

The  anterior  sense  organ  is  far  anterior, 
in  advance  of  the  anterior  limit  of  the  an- 
terior adductor  muscle. 

The  adductor  muscles  are  markedly 
unequal  in  size.  The  posterior  muscle  is 
oval,  the  long  axis  parallel  to  the  dorsal 
margin  of  the  shell.  The  anterior  adduc- 
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mm 


Figure  8.  Unnamed  species  of  Spinula.  Internal  view  of 
left  valve  of  a  specimen  from  Station  83  to  show  details  of 
hinge  plates  and  shell  outline. 


tor  muscle  is  more  rounded,  the  larger 
'quick'  and  smaller  'catch'  parts  being 
clearly  visible.  The  siphonal  tentacle 
originates  on  the  right  side  and  is  insert- 
ed close  to  the  base  of  the  siphon. 

The  foot,  while  large,  is  not  as  large  as 
it  is  in  the  other  species  described  here. 
However,  the  'byssal'  gland  is  extremely 
large  and  spherical  in  form. 

The  gills  are  carried  high  in  the  mantle 
cavity  parallel  to  the  postero-dorsal  shell 
margin.  Thirteen  gill  plates  are  present 
on  each  demibranch  in  the  present  spec- 
imen. The  mouth  is  set  just  posterior  to 
the  anterior  adductor,  the  palps  extend- 
ing little  more  than  half  way  across  the 
body.  In  this  specimen  there  are  30  fine 
ridges;  the  anterior  part  of  the  right  palps 
is  overlain  by  the  coils  of  the  hind  gut. 


The  contracted  palp  proboscides  are  no- 
ticeably short  and  stubby. 

The  stomach  and  style  sac  are  relative- 
ly small,  barely  extending  into  the  ven- 
tral half  of  the  foot.  Similarly,  the  hind 
gut  does  not  extend  deep  into  the  foot,  as 
is  the  case  in  Spiinila  filatova.  Like  the 
latter  species,  the  first  section  of  the  hind 
gut  lies  close  to  the  posterior  body  wall 
and  extends  just  ventral  to  the  pedal  gan- 
glion, where  it  turns  dorsally  taking  one 
V-turn  behind  the  stomach  before  pass- 
ing to  the  right  side  of  the  body  at  a  point 
close  to  the  posterior  dorsal  margin  of  the 
shell.  It  forms  seven  visible  coils  on  the 
right  hand  side  of  the  body  which  are 
stacked  one  above  the  other;  each  coil  is 
offset  in  an  anterior  direction  adjacent  to 
the  anterior  inner  hinge  margin. 

The  pedal  ganglion  is  large,  positioned 
in  the  posterior  part  of  the  neck  of  the 
foot.  The  visceral  ganglion  is  cylindrical, 
terminating  close  to  the  posterior  adduc- 
tor muscle.  The  visceral-cerebral  com- 
missure parallels  the  gill  axis  and  the 
ventral  margin  of  the  coils  of  the  hind 
gut.  Unfortunately,  the  specimen  is  a  ma- 
turing male,  so  the  cerebral  ganglion  and 
part  of  the  hind  gut  are  obscured  by  the 
testis. 

Spinula  hilleri  new  species 
Figures  11-15  +  28 

Holotype:  MCZ  279904.  (Type  locality:  ATLANTIS 
II,  Cruise  42,  Station  195,  Angola  Basin,  Lat. 
14°49.()'S,  Long.  9°5H.()'W,  in  3797  m.) 

Records:  Throughout  the  Atlantic.  Depth  range  = 
2044-5227  m. 

Specific  Description.  Shell  moderately 
strong   and   slender,   ornamented   with 


Table  3.     Records  for  Spinula  sp. 


No. 


Station 

IK). 


Depth  No.  of 

(in)  specinien.s 


Latitude 


Longitude 


Gear 


Date 


ATLANTIS  II  24  121 

ATLANTIS  II  24  123 

CHAIN  50  83 


North  America  Basin 

4800  1  35°50.()'N 

4853  1  37°29.0'N 

5000  1  34°46.5'N 


65°11.0'W 

ES 

21.8.66 

64°14.0'W 

ES 

22.8.66 

66°30.0'W 

ES 

3.7.65 
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Figure  9.     Unnamed  species  of  Spinula.  Semidiagrammatic  view  of  right  side  of  the  animal  to  show  disposition  of  the 
organs. 


even  concentric  ridges;  rostrum  short, 
sharply  pointed;  umbos  sHghtly  anterior 
in  position,  in  larger  specimens  small 
with  low  profile,  beaks  medially  curve; 
dorsal  margin  moderately  convex;  antero- 
dorsal  margin  sloping  sharply  to  form 
smooth  curve  with  anterior  margin;  pos- 
tero-dorsal  margin  nearly  straight  be- 
tween umbo  and  distal  edge  of  hinge 
plate,  thereafter  angling  abruptly  to  form 
a  short,  usually  sharp,  pointed  rostrum 
demarked  from  ventral  margin  by  a  con- 
cave sinuosity;  ventral  margin  long, 
smoothly  curved,  convex,  with  greatest 
convexity  in  larger  shells  adjacent  to  pos- 
terior sinus  (i.e.,  maximum  shell  height 
posterior  to  umbo);  keel  present,  extend- 
ing from  umbo  to  point  of  rostrum,  weak- 
ly developed  near  rostrum,  becoming 
strong  anteriorly  where  concentric  lines 
fomi  a  sharp  angle;  hinge  broad,  strong 
and  relatively  long;  anterior  hinge  plate 


Figure  10.  Unnamed  species  of  Spinula.  Lateral  views  of 
the  three  specimens  recorded  from  our  samples,  to  show 
variation  in  the  shell  outline. 
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Table  4.    Records  for  Spinuki  hilleri  new  species. 


Cruise 

No. 

Station 
no. 

.No.  of 
Depth                 speci- 
(ni)                      mens               Latitude 

Longitude 

Gear 

Date 

Angola  Basin 

ATLANTIS  II 

42 

195 

3797             98          14°49.0'- 
14°40.0'S 

9°56.0'- 
9°.54.0'E 

ES 

19.5.68 

ATLANTIS  II 

42 

196 

4612^630          2          10°29.0'S 

9°03.0'- 
9°04.0'E 

ES 

21.5.68 

ATLANTIS  II 

42 

197 

4592-4597          9          10°29.0'S 

9°40.0'E 

ES 

21.5.68 

ATLANTIS  II 

42 

198 

4559-4566          3          10°24.0'S 

9°09.0'E 

ES 

21.5.68 

WALDA 

CY13 

2044               3          12°03.7'S 
Cape  Verde  Basin 

12°22.3'E 

T* 

10.7.71 

ATLANTIS  II 

31 

145 

2842-2891           1           10°39.5'N 
Canary  Basin 

17°44.5'W 

ES 

6.2.67 

DISCOVERY 

6710 

2670                1          27°23.6'N 

15°39.6'W 

ES 

19.3.68 

DISCOVERY 

6711 

2988                1          27°14.9'N 
Sierra  Leone  Basin 

15°36.3'W 

ES 

19.3.68 

WALDA 

CY21 

.30.34                1             0°40.rS 

6°48.8'E 

T 

1.8.71 

WALDA 

CY23 

2231                2             0°45.rN 
West  Europe  Basin 

8°27.2'E 

T 

2.8.71 

CHAIN 

106 

323 

3350                1          50°08.3'N 

13°53.7'W 

ES 

21.8.72 

POLYGAS 

DS15 

2264                1           47°.35.2'N 
Brazil  Basin 

8°46.rw 

ES 

23.10.72 

ATLANTIS  II 

31 

155 

3730-3783          4          0°03.0'S 

27°48.0'W 

ES 

13.2.67 

ATLANTIS  II 

31 

156 

3459               8          0°46.0'- 
0°46.5'S 

Argentine  Basin 

29°28.0'- 
29°24.0'W 

ES 

14.2.67 

ATLANTIS  II 

60 

242 

4.382^405          5          .38°16.9'S 

5r56.rw 

ES 

13.3.71 

ATLANTIS  II 

60 

247 

5209-5227         24         43°33.0'S 
Guiana  Basin 

48°58.0'W 

ES 

17.3.71 

KNORR 

25 

303 

2842-2853          4            8°28.8'N 

56°04.5'W 

ES 

1.3.72 

KNORR 

25 

306 

.3.392-3429           5             9°31.rN 

56°20.6'W 

ES 

2.3.72 

*  Trawl. 


with  about  13  chevron-shaped  teeth,  pos- 
terior hinge  plate  with  about  11  teeth 
(number  depending  on  size  of  animal); 
distal  teeth  strong  and  well  developed, 
proximal  teeth  progressively  smaller, 
with  those  bordering  the  internal  liga- 
ment minute  and  rudimentary;  ligament 
amphidetic,  internal  part  (resilium)  trian- 
gulate, external  extensions  elongate, 
equal  in  length,  and  extending  to  level  of 
fifth  or  sixth  tooth.  Maximum  recorded 
shell  length  8.7  mm. 

We   name  this   species   after  Captain 


Emerson  Hiller  of  the  Woods  Hole 
Oceanographic  Institution,  whose  superb 
seamanship  has  enabled  us  to  trawl  suc- 
cessfully at  greath  depths  and  with  great 
precision  throughout  the  Atlantic  Ocean. 
Morphology.  Spinula  hilleri  has  essen- 
tially the  same  morj^hology  as  the  other 
species  described  here  (Fig.  12).  Mantle 
structures  differ  only  in  that  the  com- 
bined siphon  appears  to  be  very  large, 
even  in  the  contracted  state,  and  that  the 
anterior  sense  organ  lies  far  anterior.  The 
adductor  muscles  are  relatively  small  and 
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unequal  in  size,  the  anterior  being  2  to  3 
times  the  size  of  the  posterior. 

The  gills  are  moderately  small,  each 
with  approximately  21  plates  to  each 
demibranch.  The  palps  are  large,  with  as 
many  as  33  fine  ridges;  the  number,  as  in 
the  case  of  the  gill  plates,  is  dependent 
on  the  size  of  the  individual. 

The  foot,  although  slender,  is  very 
large  in  this  species,  with  a  more  ante- 
riorly directed  attitude  than  in  S.  filafo- 
vae  and  the  unnamed  species.  There  is 
a  considerable  number  of  fringing  pa- 
pillae which  are  somewhat  larger  than  in 
the  other  species.  The  form  of  the  foot 
suggests  that  this  is  an  active,  fast  moving 
species.  In  fact,  it  is  probably  no  coinci- 
dence that  in  this  species  the  adductor 
muscles  are  relatively  small,  there  pos- 
sibly being  no  prolonged  closure  of  the 
shell.  In  contrast,  the  pedal  retractor 
muscles  are  well  developed  and  may 
well  assist  in  the  adduction  of  the  valves 
when  the  foot  is  fully  contracted  (Allen 


Figure  11.  Spinula  hilleri.  A.  Internal  views  of  right  and 
left  valves  of  a  specimen  from  Station  155  to  shovi/  details 
of  hinge  plates  and  shell  outline.  B.  Lateral  view  of  right 
valve  of  holotype  (MCZ  279904)  from  Station  195, 


and  Sanders,  1969).  Probably  also  asso- 
ciated with  increased  activity  is  the  large 
size  of  the  ganglia,  in  particular  the  ped- 
al. The  heel  of  the  foot  is  extended  pos- 


pedal  retr.  mus. 

hind  gut 

digestive  diverticula 
^(3     /  /        o"^^-  odd.  mus. 


cerebral 
ganglion 

t.  sense  organ 


feeding 


pedal  gangi  ion 


foot 


1  mm 


Figure  12.     Spinula  hlllerl.  Semidiagrammatic  view  of  right  side  of  the  animal  to  show  disposition  of  the  organs. 
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Figure  13.     Spinula  hilleri.  A.  Semidiagrammatic  view  of  right  side  of  animal  showing  an  additional  hind  gut  coil,  as 
well  as  the  position  of  the  stomach  with  respect  to  the  hind  gut.  B.  Hind  gut  coils  as  seen  from  the  dorsal  side. 


teriorly,  and  there   is   a  well-developed 
'byssal'  gland. 

Usually  there  are  9  coils  to  the  hind 
gut,  although  we  have  seen  a  few  whole 
mounts  with  8  or  10  coils.  From  dissec- 
tion, we  believe  that  in  those  which  ap- 
pear to  have  8  coils  there  is  a  hidden  coil, 
while  the  single  case  of  10  coils  is  an  ex- 
ception to  the  general  rule.  The  coils,  al- 
though close  together  in  S.  hilleri,  spread 
in  an  overlapping  sequence  from  a  point 


just  anterior  to  the  umbo  anteriorly  to  the 
anterior  adductor  muscle,  the  outermost 
coil  abutting  the  posterior  edge  of  the 
muscle  (Fig.  13).  Probably  because  the 
hind  gut  takes  up  so  much  anterior  space, 
the  stomach  and  style  sac  are  far  posterior 
within  the  bod\  and  far  over  on  the  left 
side.  The  stomach  in  protobranch  bi- 
valves is  normally  situated  on  the  left, 
but  usualK'  not  so  far  to  the  left  as  in  S. 
hilleri.  The  first  section  of  the  hind  gut 
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lies  posterior  to  the  pedal  ganglion  but 
barely  penetrates  the  foot  below  the  level 
of  the  pedal  ganglion  (Fig.  13). 

Because  there  are  so  few  large  speci- 
mens, none  were  opened  to  obsei^ve  the 
condition  of  the  gonads.  However,  the 
smallest  specimen  to  show  signs  of  go- 
nadal development  was  a  male,  2.4  mm 
in  total  length.  In  this  specimen,  the  tes- 
tis was  in  a  very  early  stage  of  develop- 
ment and  tenuously  covered  both  the 
posterior  part  of  the  coiled  hind  gut  on 
the  right  and  the  digestive  diverticula  on 
the  left.  There  was  little  development  of 
gonadal  tissue  in  other  specimens. 

Growth  stages  from  the  Angola  Basin 
(Station  195)  and  the  Brazil  Basin  (Station 
156)  were  examined.  The  larger  speci- 
mens from  the  eastern  Atlantic  tend  to 
have  a  sharper  rostrum  than  similar  sized 
specimens  from  the  west  (Fig.  14).  Slight 
interpopulation  differences  in  lateral  out- 
line did  not  exceed  variation  exhibited  in 
a  single  sample.  In  the  course  of  growth, 
the  rostrum  becomes  more  pronounced 
(note  a  gradual  change  in  the  total  length/ 
umbo-rostral  length  ratio,  Fig.  15).  The 
postero-ventral  margin  is  more  angular  in 
young  stages  than  in  older  shells,  but 
there  is  little  or  no  change  in  the  height/ 
length  ratio.  We  have  no  doubt  that  the 
populations  of  the  various  basins  belong 
to  one  and  the  same  species.  The  larval 
shell  measures  420  fjcm. 


Spinula  scheltemai  new  species 
Figures  16-21  +  28 

Holotype:  MCZ  279905.  (Type  localit> :  ATLANTIS 
II,  Cruise  60,  Station  242,  Argentine  Basin,  Lat. 
38°16.9'S,  Long.  5r56.1'W,  in  4382^405  m.) 

Records:  Argentine  and  Guiana  Basins.  Depth 
range  =  3305^405  m. 

Specific  Description.  Shell  inequilat- 
eral, laterally  compressed,  obliquely  ob- 
long/oval in  outline,  with  strong,  even 
concentric  lines;  rostrum  well  developed 
and  sharply  pointed;  umbos  anterior  and 
low  in  profile,  very  small  in  larger  spec- 
imens, more  posterior  and  relatively  larg- 


Figure  14.  Spinula  hilleri.  Lateral  views  of  a  series  of 
specimens  to  show  variations  in  shell  outline,  with  age  and 
geographical  locality. 


er  in  small  specimens,  beaks  medially 
directed;  except  distally,  dorsal  margin 
long  and  relatively  straight;  antero-dorsal 
margin  slightly  convex  to  about  the  level 
of  12th  tooth,  thereafter  sloping  abruptly 
and  ventrally  to  form  smooth  curve  with 
anterior  margin;  postero-dorsal  margin 
straight,  to  level  of  10th  tooth  where  it 
becomes  markedly  concave,  fomiing  the 
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Figure  15.     Spinula  hilleri.  Changing  shell  shape  with  increasing  size  as  measured  by  the  ratios  of  height/total  length 
and  posterior  shell  length  (umbo-rostrum)/total  length  to  total  length. 


dorsal  side  of  sharp  rostrum;  rostrum  ven- 
trally  concave,  remainder  of  posterior 
margin  broadly  truncate;  ventral  margin 
long  and,  except  anteriorly,  only  slightly 
convex;  maximum  height  of  shell  well 
posterior  of  umbo;  well-developed  keel 
close  to  postero-dorsal  margin,  less  evi- 
dent near  umbo  and  extending  to  tip  of 
rostrum,  concentric  lines  making  a  sharp 
right  angle  at  keel;  hinge  plate  long  and 
shallow,  anterior  and  posterior  plates  rel- 
atively straight,  diverging  from  dorsal 
shell  margin,  anterior  hinge  plate  with  15 
small  chevron-shaped  teeth,  posterior 
plate  with  14  small  teeth,  proximal  teeth 


minute,  distal  teeth  relatively  small;  lig- 
ament amphidetic,  inner  layer  (resilium) 
wide  and  lunate,  outer  layer  and  perios- 
tracum  elongate  with  posterior  part 
slightly  longer  than  anterior  and  extend- 
ing beyond  posterior  hinge  plate,  ante- 
rior part  extending  to  level  of  11th  tooth. 
Maximum  recorded  shell  length  11.5 
mm. 

The  present  species  might  superficial- 
ly be  confused  with  Spinula  oceanica, 
which  has  a  somewhat  similar  shell  out- 
line. However,  Spinula  oceanica  differs 
in  sculpture,  and  the  anterior  dorsal  shell 
margin  slopes  sharply  ventrally  immedi- 


Table  5.     Records  for  Si)iiiula  scheltemai  new  species. 


Cruise 

No. 

Station 
no. 

i:)epth 
(m) 

.No.  of 
specimens 

Latitude 

Longitude 

Gear 

Date 

Argentine 

Basin 

ATLANTIS  II 

60 

259A 

.3305- 
3317 

5 

37°I3.3'S 

.52°45.0'W 

ES 

26.3.71 

ATLANTIS  II 

60 

256 

3906- 
.3917 

230 

37°40.9'S 

,52°19.3'W 

ES 

24.3.71 

ATLANTIS  II 

60 

242 

4382- 
4405 

68 

38°I6.9'S 

51°56.rW 

ES 

13.3.71 

Guiana  Basin 

KNORR 

25 

307 

3802- 
3825 

10 

12°34.4'- 
I2°40.8'N 

,58°59.3'- 
59°09.2\V 

ES 

3.3.72 
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Figure  16.  Spinula  scheltemai.  A.  External  view  of  right  valve  of  holotype  (MCZ  279905)  from  Station  242.  B.  Internal 
view  of  a  left  valve  from  the  same  station  and  lateral  view  of  the  ligament  removed  from  the  hinge  plate,  a,  b,  and  c, 
transverse  sections  through  the  internal  ligament  (resilium)  and  external  ligament  at  the  points  indicated  by  the  broken 
lines.  Abbreviations:  P,  periostracal  layer;  IL,  inner  layer;  OL,  outer  layer. 


ately  anterior  to  the  umbo.  The  hinge 
plate  is  more  slender  in  S.  oceanica  with 
the  teeth  even  closer  to  the  dorsal  mar- 
gin. The  external  ligament  is  at  least 
twice  as  long  in  S.  scheltemai  as  in  S. 
oceanica  and  larger  than  in  any  other 
species  recorded  here. 

We  name  this  species  after  our  friend 
and  colleague  Dr.  Rudolf  Scheltema  of 
the  Woods  Hole  Oceanographic  Institu- 
tion. 

Morphology.  Although  the  form  of  the 
body  and  mantle  is  similar  to  that  of  other 
species,  the  body  of  S.  scheltemai  occu- 
pies more  shell  space  than  any  other 
species  (Fig.  17).  The  adductor  muscles 
are  much  closer  to  the  shell  margin,  par- 
ticularly the  posterior,  possibly  because 
the  rostrum  of  S.  scheltemai  is  not  greatly 
extended.  The  adductor  muscles  are  ver>' 
large,  while  the  siphonal  embayment  is 


short.  The  anterior  sense  organ  is  far  an- 
terior in  position,  but  because  the  adduc- 
tor muscle  lies  close  to  the  shell  margin, 
the  sense  organ  is  situated  immediately 
below  the  muscle. 

The  palps  are  relatively  much  larger 
than  in  the  other  species  described  here. 
Depending  on  the  size  of  the  animal,  26- 
50  ridges  are  present,  the  palps  extend- 
ing across  the  entire  width  of  the  body. 
The  palp  proboscides  are  ver\-  short  in 
the  preserved  specimens  and  fill  the 
space  between  the  ventral  edge  of  the 
gill  and  the  posterior  edge  of  the  palp. 
The  gills  are  moderately  well  developed 
with  about  25  gill  plates  to  each  demi- 
branch.  The  ganglia  are  large.  A  siphonal 
tentacle  inserts  either  on  the  left  or  right 
side  of  the  base  of  the  siphon.  The  siphon 
is  moderately  large.  The  gills  are  at- 
tached laterally  to  the  base  of  the  siphon 
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Figure  17.     Spinula  scheltemai.  Semidiagrammatic  view  of  the  right  side  of  animal  to  show  disposition  of  organs. 


(Fig.  19).  The  siphon  is  not  obviously  a 
double  structure  of  the  type  figured  by 
Yonge  (1939).  It  is  internally  ridged.  The 
mid-lateral  ridges,  continuations  of  the 
gill  attachment,  are  somewhat  more  ob- 
vious than  the  others.  Faecal  rods  are 
confined  to  the  dorsal  side  of  the  lumen, 
and  probably  the  internal  ridging  effec- 
tively divides  the  siphon  in  two.  Dorsal- 
ly,  the  siphon  is  attached  by  connective 
tissue  that  passes  postero-lateral  to  the 
hind  gut. 

The  gut  takes  the  usual  course.  Here 
the  mid  gut  and  hind  gut  penetrate  some 
distance  into  the  foot  ventral  to  the  large 
pedal  ganglia.  There  are  10  coils  on  the 
right  side  of  the  body,  although  in  most 
specimens  there  appear  to  be  only  8. 
However,  sections  and  whole  mounts 
show  that  two  of  the  coils  may  be  hidden 


internal  to  the  tightly  packed  outer  coils. 
The  stomach  is  large  and  displaced  far  to 
the  left  side  of  the  body  (Fig.  18). 

The  foot  and  the  'byssal'  gland  are  well 
developed.  The  pedal  retractor  muscles 
are  similar  to  those  described  for  S.  fi- 
latovae  (p.  7). 

There  is  a  change  in  shape  with  in- 
creasing length  (Fig.  20).  As  in  other 
species,  increasing  prominence  of  the 
rostrum  results  in  a  change  in  position  of 
the  umbo  relative  to  the  total  length.  In 
some  cases  (Fig.  21)  the  umbo  is  poste- 
rior to  the  midline.  Total  length  with  re- 
spect to  height  changes  but  little  during 
the  growth  of  the  animals.  The  smallest 
specimen  showing  gonadal  development 
was  2.4  mm  total  length.  Sexes  are  sepa- 
rate with  the  larger  animals  tending  to  be 
more  mature.  No  specimen  appeared  to 
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Figure  18.     Spinula  scheltemai.  Transverse  section  through  viscera  and  foot  to  show  position  of  hind  gut  and  stomach. 
Pedal  ganglia  also  present  with  distal  end  of  style  sac  and  proximal  end  of  hind  gut  in  section. 


be  fully  mature.  The  larval  shell  mea- 
sures about  375  /xm — the  smallest  re- 
corded for  an  Atlantic  Spinula. 

Spinula  subexcisa   (Dautzenberg   and 
Fischer,  1897) 
Figures  22-28 

Leda  excisa  var.  subexcisa  (Dautzenberg  and  Fisch- 
er, 1897:  205.  (Type  locality:  Azores,  PRIN- 
CESSE-ALICE,  Station  69,  in  1846  m;  type 
specimen  supposedK'  housed  in  Institut  Ocean- 
ographique,  Monaco,  present  whereabouts  un- 
known.) 

Previous  records  (see  p.  2):  Throughout  Atlantic, 
1848-5153  m.  Probably  many  previous  records 
have  been  confused  with  other  species  described 
in  this  paper.  The  Norwegian  and  VV.  European 
records  can  be  accepted  with  some  degree  of  cer- 
taint>-. 

Present  record:  West  Europe  Basin,  1993  m. 


Historical.  The  first  record  of  S.  .sub- 
excisa was  almost  certainly  that  de- 
scribed by  Jeffreys  (1876,  1879)  and  in- 
correctly referred  to  as  Malletia  excisa 
(Philippi).  The  specimens  examined  by 
Jeffreys  were  taken  by  the  PORCUPINE 
and  LIGHTNING  expeditions  from  a  po- 
sition very  close  to  that  of  the  present  rec- 
ords for  S.  subexcisa.  Jeffreys  (1876, 
1879),  like  ourselves,  only  recognized 
one  species  from  the  area.  Jeffreys  re- 
garded his  specimens  as  being  recent  ex- 
amples of  the  Sicilian  fossil  Nucula  ex- 
cisa Philippi  (1844).  As  a  result  he  did 
not  figure  his  specimens,  nor  did  he  give 
a  sufficiently  accurate  description  of  the 
specimen  to  confirm  its  specific  identity. 
Smith  (1885),  who  identified  a  specimen 
as  being  the  same  species  as  that  de- 
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1      siphon 


Figure  19.    Spinula  scheltemai.  Detail  of  siphonal  region,  with  diagram  to  show  route  of  faeces  and  path  of  incoming 
inhalant  flow. 


scribed  by  Jeffreys  (1876,  1879),  reported 
that  its  sinus  was  not  as  deep  as  that  fig- 
ured by  Philippi  (1844).  Unfortunately, 
this  unfigured  CHALLENGER  speci- 
men from  the  Azores  is  equally  likely  to 
have  been  a  specimen  of  S.  hilleri  and 
not  S.  suhexcisa.  Dautzenberg  and 
Fischer  (1897)  also  came  to  a  conclusion 
similar  to  that  of  Smith  (1885)  and  named 
their  specimens  from  off  the  Azores  as 
Leda  excisa  var.  suhexcisa.  They  gave  a 
somewhat  more  adequate  specific  de- 
scription. 

Although  we  have  been  unable  to  ex- 
amine the  specimens  referred  to  above, 
we  have  little  doubt  that  our  specimens, 


from  almost  the  same  locality  where  only 
a  single  species  of  Spinula  is  recorded, 
are  the  same  species  that  Jeffrevs  (1876, 
1879)  examined  from  the  PORCUPINE 
and  LIGHTNING  material.  Further- 
more, the  present  specimens  are  certain- 
ly not  Leda  excisa  (Philippi,  1844),  being 
a  totally  different  shape.  They  do,  how- 
ever, agree  closely  with  the  description 
of  Dautzenberg  and  Fischer  (1897). 

Because  of  the  uncertainties  in  pre- 
vious descriptions  and  because  the  ani- 
mal itself  is  not  described,  we  redescribe 
the  species  in  some  detail. 

Specific  Description.  Shell  moderately 
strong,  concentric  sculpturing  somewhat 


Table  6.     Record  for  Spinula  suhexcisa  (Dautzenberg  and  Fischer). 


Cruise 

No. 

Station 
no. 

Depth              No.  of 
(m)            specimens             Latitude 

Longitude 

Gear 

Date 

CHALLENGER 

4 

West  Europe  Basin 
1993           88           56°52.0'N 

10°0L0'W 

ES 

5.6.73 
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Figure  20.     Spinula  scheltemai.  Changing  shell  shape  with  increasing  size  ratios  of  height/total  length  and  posterior 
shell  length  (umbo-rostrum)/total  length  to  total  length. 


variable  both  in  sharpness  of  hne  and  in 
interval;  rostrum  moderately  long  and 
sharply  pointed;  umbos  large,  slightly  an- 
terior in  older  specimens,  beaks  medially 
curved;  dorsal  margin  sloping  gently 
from  the  umbo;  antero-dorsal  margin 
very  slightly  convex  and  forming  a 
smooth  curve  with  anterior  margin;  pos- 
tero-dorsal  margin  very  slightly  concave 
to  a  point  immediately  posterior  to  hinge 
plate  where  it  makes  an  angle  to  form  the 
convex  dorsal  edge  of  the  rostrum,  ven- 
tral edge  of  rostrum  concave;  ventral  mar- 
gin a  smooth  curve,  more  convex  poste- 
riorly than  anteriorly,  rostral  keel  not 
marked;  hinge  plate  moderately  broad 
distally  but  coming  close  to  shell  margin 
below  umbo,  ventral  edge  of  both  ante- 
rior and  posterior  hinge  plates  almost 
straight;  number  of  teeth  varies  with  size 
of  animal,  in  largest  specimens  11  ante- 
rior and  10  posterior  teeth — the  6  distal 
teeth  much  larger  than  the  rest,  those 
nearest  umbo  very  difficult  to  distin- 
guish; ligament  amphidetic,  inner  layer 


Figure  21.  Spinula  scheltemai.  Lateral  views  of  a  series 
of  specimens  to  show  change  in  shell  outline  with  increas- 
ing size. 
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1  mm 


Figure  22.     Spinula  subexcisa.  Lateral  view  of  a  specimen 
to  show  external  features  of  the  shell. 


(resilium)  relatively  large,  oval,  occupy- 
ing width  of  hinge  below  umbo,  outer 
layer  external  and  elongate,  extending  to 
level  of  the  eighth  anterior  tooth  and  sev- 
enth posterior  tooth  in  largest  specimens. 
Maximum  recorded  shell  length  4.4  mm. 

Spinula  subexcisa  is  very  similar  in 
general  shape  to  S.  scheltemai,  but  it  can 
be  distinguished  from  the  latter  species 
by  the  smaller  number  of  teeth,  the 
breadth  of  the  hinge  plate,  the  length  of 
the  posterior  outer  layer  of  the  ligament 
and  the  less  regular,  but  more  closeK 
spaced,  concentric  sculpture  (Figs.  22, 
23). 

Morphology.  The  basic  form  of  the 
body  is  identical  to  the  other  species  de- 
scribed here  (Fig.  24). 

The  adductor  muscles  are  luiequal  in 
size,  the  anterior  being  approximateK 
four  times  as  large  as  the  posterior.  The 
'quick'  and  'catch'  sections  are  clearly 
visible.  The  anterior  sense  organ  is  far 
anterior,  below  but  in  front  of  the  anterior 
adductor  muscle.  The  sense  organ  is  par- 
ticularly well  developed,  being  a  semi- 
circular flap  of  tissue  that  is  an  extension 
of  the  middle  sensory  lobe.  UnderKing 
the  epithelium  in  this  region  (both  lining 
the  shell  and  the  mantle  cavitv )  is  a  thick 


1  mm 

Figure  23.  Spinula  subexcisa.  Lateral  view  of  the  right 
and  left  valves  of  two  different  specimens  to  show  shell 
outline,  hinge  plate,  and  differences  in  tooth  number  with 
increasing  size  of  shell. 


layer  of  connective  tissue  with  an  en- 
larged space  containing  the  pallial  nei^ve 
(Fig.  25).  The  area  is  also  well  supplied 
with  glandular  epithelial  cells,  with  one 
well  marked  dome-shaped  patch  at  the 
anterior  limit  of  the  organ. 

The  siphon  and  the  feeding  aperture 
are  similar  to  those  of  other  species  of 
Spinula.  The  sensory  tentacle  lies  on  the 
left  side  at  the  base  of  the  siphon  in  most 
specimens  stained  as  whole  mounts. 

The  palps,  with  at  least  32  narrow 
ridges,  are  large  and  extend  the  width  of 
the  body.  The  palp  proboscides  are  small 
and  in  their  contracted  state  lie  between 
the  gill  and  the  posterior  rim  of  the  palp. 
There  are  12-18  gill  plates  in  each  demi- 
branch;  like  the  palp  ridges,  the  number 
is  dependent  on  the  size  of  the  specimen. 
As  in  S.  scJielfeinai,  the  body  and  foot 
occupy  much  of  the  mantle  space.  The 
posterior  margin  of  the  foot  is  extended 
posteriorly  and  lies  close  to  the  feeding 
aperture. 

As  in  all  species,  the  mouth  is  dis- 
placed a  short  distance  posterior  to  the 
anterior  adductor  muscle.  The  course  of 
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Figure  24.     Spinula  subexcisa.  Semidiagrammatic  view  of  right  side  of  the  animal  to  show  disposition  of  organs.  Below 
is  detail  of  stomach  and  ganglia  of  the  same  specimen,  but  drawn  from  the  left  side. 


the  oesophagus  is  initially  anterior  as  far 
as  the  posterior  face  of  the  muscle  where 
it  turns  posteriorly  to  join  the  stomach. 
The  stomach  lies  posterior  and  dorsal 
within  the  body  and  is  displaced  to  the 
left  side.  On  the  right  there  are  nine  coils 
of  the  hind  gut.  The  ganglia  are  well  de- 
veloped, particularly  the  pedal,  which 
lies  posterior  and  relatively  high  in  the 
foot.  The  foot  is  not  as  markedly  anterior 
in  its  attitude  as  it  is  in  the  more  elongate 
species.  The  'byssal'  gland  is  spherical 
and  lies  close  to  the  margin  of  the  foot 
(Fig.  26).  The  peripheral  muscles  of  the 
foot  form  a  network  around  the  gland, 
and  appear  to  form  a  sphincter  at  the  neck 
of  the  gland.  The  gland  itself  is  composed 
of  hyaline  cells.  Its  function  is  obscure. 


As  in  other  protobranchs,  no  byssus  is 
produced,  nor  does  the  gland  bear  any 
similarity  to  the  lamellibranch  byssus  ap- 
paratus. 

The  larval  shell  measures  450  /xm,  the 
largest  for  an  Atlantic  species.  The  juve- 
niles are  much  more  angular  than  the 
adults,  with  rostrum,  posterior  margin, 
and  antero-dorsal  margin  combining  to 
give  a  somewhat  elongate,  hexagonal  ap- 
pearance (Fig.  27).  As  growth  proceeds, 
the  posterior  margin  becomes  sinusoidal, 
the  rostrum  more  pronounced,  and  the 
anterior  margin  more  rounded. 

DISTRIBUTION  PATTERNS 

Of  the  five  species  oi  Spinula  recorded 
from  the  Atlantic,  three  species,  S.  hil- 
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Figure  25.  Spinula  subexcisa.  Diagrammatic  view  ot 
mantle  margin  cut  transversely  ttirough  ttie  anterior  part 
ot  the  anterior  sense  organ. 


leri,  S.  scheltemai,  and  the  unnamed 
species,  live  in  abyssal  depths  (2500- 
5000  m),  while  S.  filatovae  is  present  at 
lower  slope  depths  (1200-1800  m),  and 
S.  subexcisa  is  probably  found  on  the 
lower  slope  and  upper  abyssal  rise 
(1800-2500  m). 

All  species,  except  S.  hilleri,  have 
somewhat  restricted  distributions.  S. 
hilleri  is  found  in  the  West  Europe, 
Canary,  Cape  Verde,  Brazil,  Angola,  and 
Argentine  Basins.  It  is  moderately  abun- 
dant, numerically  forming  more  than  10% 
of  the  protobranch  fauna  in  3  of  the  17 
stations  where  it  was  found.  Spinula 
scheltemai  is  present  in  the  Argentine 
and  Guiana  Basins.  In  the  fonner  basin, 
it  is  numerically  abundant,  forming  more 
than  10%  of  the  protobranchs  in  two  of 
the  three  samples  that  contained  it.  S. 
subexcisa   has   been  found  only  in  the 


aperture 

Figure  26.  Spinula  subexcisa.  A.  Transverse  section 
througti  sensory  tentacle.  B.  Transverse  section  through 
'byssal'  gland  and  foot  musculature. 


West  Europe  Basin  where  it  is  a  common 
faunal  constituent.  In  contrast,  the  un- 
named species  limited  in  our  samples  to 
the  North  America  Basin,  is  a  rare 
species.  We  have  collected  but  a  single 
individual  in  each  of  three  samples,  yet 
this  is  one  of  the  most  extensively  sam- 
pled deep-sea  basins. 

The  slope-dwelling  species,  S.  filato- 
vae, occurs  in  the  northeastern  Atlantic 
and  was  present  at  single  stations  in  the 
West  Europe  and  Cape  Verde  Basins,  nu- 
merically comprising  5%  and  6%  respec- 
tively of  the  protobranchs  in  these  sam- 
ples. It  occurs  at  similar  depths  in  the 
Guinea  Basin.  Curiously,  it  is  the  only 
species  of  those  described  here  that,  to 
date,  has  been  recorded  outside  the  At- 
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Figure  27.     Spinula  subexcisa.  Series  of  shell  outlines  in 
lateral  view  to  show  change  in  shape  with  increasing  size. 


lantic — a  single  record  from  the  Gulf  of 
Aden  (Knudsen,  1967).  Thus,  S.filatovae 
may  occur  along  the  lower  slope  of  the 
eastern  mid  and  South  Atlantic  and  ex- 
tend around  the  Cape  of  Good  Hope  into 
the  western  Indian  Ocean.  Yet,  the  re- 
markable differences  in  the  depth  rec- 
ords for  this  species  in  the  Atlantic  (1261, 
1376,  1624-1796,  and  1739  m)  as  com- 
pared to  the  Indian  Ocean  and  Gulf  of 
Aden  (2312,  3152-3202,  3546,  4300- 
4340,  and  4314-4324  m),  together  with 
the  absence  of  any  detailed  knowledge  of 
the  soft  part  anatomy  for  the  Indian 
Ocean  specimens,  raise  the  possibilit\' 
that  we  may  unwittingly  be  lumping  to- 
gether two  morphologically  similar 
species.  S.filatovae  appears  to  be  absent 
from  the  western  Atlantic. 

MORPHOLOGICAL  CONSIDERATIONS 

Both  the  shell  and  soft  parts  of  species 
in  the  genus  Spinula  are  amazingly  con- 
servative. Of  the  species  recorded  from 
the  Atlantic,  specific  shell  differences  are 
a  matter  of  subtle  variations  in  shape  and 
dimension.  At  one  extreme  there  is  a  bi- 
valve with  a  robust  broad  hinge   with 
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Figure  28.  Dorsal  view  of  shell  of  the  five  species  of  Spi- 
nula from  the  Atlantic  to  show  differences  in  shell  shape 
and  extent  of  external  ligament. 


heavy  teeth  (Figs.  11,  28)  combined  with 
small  adductors  (Fig.  12)  and  a  relatively 
short  amphidetic  ligament  without  a 
strongly  developed  outer  layer  (Fig.  28). 
At  the  other  extreme  there  is  a  bivalve 
with  a  less  robust,  slimmer  hinge  with 
finer,  more  numerous  teeth  (Fig.  16), 
large  adductors  (Fig.  17),  and  a  well-de- 
veloped elongate,  arched  outer  layer  to 
the  ligament  (Fig.  28).  The  latter  t\'pe  of 
ligament  is  reminiscent  of  the  external 
ligament  (albeit  opisthodetic)  of  the  Tel- 
linacea.  Possibly  the  analogy  can  be 
stretched  further  to  suggest  that  Spinula 
is  the  deep-sea,  deposit  feeding,  counter- 
part of  Tellina,  a  slender,  active  deep 
burrowing,  deposit  feeder. 

This  view  is  reinforced  by  various 
points  of  morphology.  Spinula  is  well  en- 
dowed with  large  ganglia,  particularly 
the  pedal;  the  foot  is  very  elongate  and 
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muscular,  somewhat  anteriorly  directed,  and  taxonomy  of  this  species  should  be 

particularly  in  the  elongate  species,  and  re-examined. 

the  viscera  do  not  penetrate  it  to  any  Spinitla  is  clearly  adapted  to  deal  with 
great  degree;  the  siphon  is  long  and  mus-  large  quantities  of  sediment  entering  the 
cular;  the  adductor  muscles,  although  un-  mantle  cavity.  Judging  from  the  exten- 
equal,  are  powerfid  with  clearly  defined  sion  of  the  posterior  margin  of  the  foot, 
'quick'  and  'catch'  parts;  and  the  anterior  unwanted  sediment  is  thrust  out  of  the 
sense  organ  is  far  anterior.  All  these  fea-  feeding  aperture  by  the  heel.  It  is  possi- 
tures  suggest  that  Spinula  is  an  active  ble  that  the  'byssal'  gland  secretes  an  ad- 
burrowing  infaunal  bivalve.  hesive  fluid  to  bind  unwanted  particles 
Other  characteristics  typical  of  deep-  together  before  they  are  rejected.  It  is 
sea  genera  (Allen,  1975)  are  the  large,  strategically  placed  and  of  a  large  enough 
finely-ridged  palps  and  the  relatively'  size  in  Spinula  to  perform  this  function, 
small  gills  with  few  gill  plates.  S})i)iula  In  addition,  there  are  large  numbers  of 
jilatovae,  the  slope  species,  has  the  larg-  mucous  glands  present  in  the  region  of 
est  number  of  gill  plates  and  the  smallest  the  feeding  aperture.  However,  these 
palp  with  relatively  few  palp  ridges.  Spi-  may  be  more  concerned  with  the  pro- 
niila  hilleri,  S.  scheltemai,  S.  siibexcisa,  cessing  of  incoming  particles  on  the  palp 
and  the  unnamed  species  are  remarkabK'  proboscides  than  with  outgoing  pseudo- 
alike  with  respect  to  gill  and  palp  mor-  faeces. 

phology.   Similarly,   in    S.  jilatovae   the  The  unequal  size  of  the  adductor  mus- 

hind  gut,  although  much  coiled,  is  rela-  cles,    not   associated  here   with   anterior 

tively  small  in  diameter,  the  coils  being  enlargement  of  the   mantle  cavit\',   may 

mostly  laid  on  top  of  one  another,  while  sei-ve  to  prevent  the  combined  siphon,  on 

in  the  other  four  species  the  coils  tend  to  the  occasion  of  its  retraction,  from  being 

be  overlapping  and  with  a  much  wider  trapped  by  the  closing  valves.  It  may  also 

lumen.  The  number  of  coils  varies:  S.  fi-  serve  to  assist  in  clearing  large  quantities 

lafovae  (6),  the  unnamed  species  (7),  S.  of  pseudofaecal  material.  Certainly,  large 

suhexcisa  and  S.  hilleri  (9),  and  S.  schel-  amounts  of  sediment  are  present  in  the 

femai  (10),  with  occasional  variation  with-  posterior  part  of  the   mantle   cavity  of 

in  species.  Increase  in  gut  volume  and  many  specimens.  However,  the  very  na- 

length    with   increasing   depth   is   well  ture  of  the  methods  of  collection  prevents 

known  in  bivalves.  Although  not  so  well  any  emphatic  and  significant  conclusion 

defined   in  terms   of  increasing  number  from  being  drawn. 

of  coils  with  increasing  depth  distribu-  The  sediment  in  the  gut  is  very  fine 

tion,   this    principle    still   holds    in    gen-  and,  for  the  most  part,  is  composed  of 

eral  terms  for  the  genus   Spinula.   The  fragments  of  diatoms  and  foraminiferans. 

Pacific  species  S.  tasmanica  (6),  S.  vity-  It  is  difficult  to  say  whether  these  frag- 

azi  (7),  and  S.  kerniadecensi.s  (7)  possibly  ments  are   in  any  way  concentrated  or 

have  fewer  coils,  l)ut  further  investiga-  selected. 

tions  might  show  additional  hidden  coils  Although  the  larval  shell  indicates  a 
beneath  those  closely  packed  coils  at  the  large  egg,  there  is  no  evidence  of  direct 
surface.  The  exception  to  the  general  rule  development.  For  the  most  part,  our  sam- 
of  a  nuiltiple-coiled  hind  gut  on  the  right  pies  show  either  immatiue  or  onl\  par- 
side  of  the  body  is  Spinula  ealcar  (4063-  tially  mature  animals.  Sexes  are  separate. 
6096  m)  (Dall,  1908).  It  has  one  hind  gut  The  most  mature  animals  are  among  the 
loop  on  the  right  side  of  the  body,  which  largest,  and  the  picture  presented  is  sim- 
is  the  primitive  condition  in  protobranch  ilar  to  the  one  seen  in  the  case  of  Tin- 
bivalves.   It  seems  that  the  morphology  daria.  Whether  or  not  Spinula,  like  the 
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latter  genus,  is  long-lived  (Tiirekian  et 
al.,  1975)  will  have  to  await  dating  by  ra- 
dio-chemical methods. 
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Abstract.  A  primarily  osteological  description  is 
provided  for  two  species  of  the  phylogenetically 
and  morphologically  primitive  stomiiform  teleost 
genus  Diplophos.  Evidence  is  presented  to  docu- 
ment the  monophyly  of  two  major  teleostean 
groups,  the  Stomiifomies  and  the  Neoteleostei. 
Monophyly  of  the  Eurypterygii  {setisu  Rosen,  1973) 
is  evaluated  and  tentatively  accepted.  Stomiiforms, 
previously  placed  by  most  authors  as  a  suborder 
(Stomiatoidei)  of  the  Protacanthopterygii,  are  found 
to  be  neoteleosts;  they  comprise  the  sister  group  of 
all  other  neoteleosts,  the  Eurypterygii.  The  Protac- 
anthopterygii (comprising  the  Esocoidei,  Argenti- 
noidei,  and  Salmonoidei,  including  the  Salmo- 
noidea  and  Osmeroidea,  sensu  Rosen,  1974)  is  not 
supported  as  monophyletic.  Alternative  hypotheses 
of  "protacanthopterygian"  relationships  are  sug- 
gested and  discussed. 


INTRODUCTION 

The  group  of  teleosts  herein  teniied 
Stomiifomies  comprises  a  significant  por- 
tion of  the  oceanic  vertebrate  fauna.  The 
group  consists  of  mesopelagic  and  bathy- 
pelagic  fishes  and  currently  includes  9 
families,  50  genera,  and  over  300  species. 
Stomiifomis  are  found  in  all  of  the  major 
ocean  basins;  adults  range  in  size  from 
about  15  mm  to  nearly  500  mm  in  length. 
The  group  has  been  the  subject  of  exten- 
sive research,  including  distributional 
studies  and  systematics  at  all  taxonomic 
levels  (e.g.,  Baird,  1971;  Baird  and  Eck- 
ardt,  1972;  Gibbs,  1969;  Goodyear  and 
Gibbs,  1970;  Morrow  and  Gibbs,  1964 
Mukhacheva,  1978;  Parin  et  al,  1977 
Parin  and  Pokhilskaya,  1974,  1978 
Weitzman,  1967a,  b,  1974),  studies  in 
photobiology  and  vision  (e.g.,  Baguet  and 
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Marechal,  1976;  Fernandez,  1978;  Han- 
sen, 1970;  j0rgensen  and  Munk,  1979; 
Lockett,  1977;  O'Dav,  1973),  in  ecology 
(e.g.,  Clarke,  1974,  1978;  DeWitt  and 
Cailliet,  1972;  Hopkins  and  Baird,  1973; 
Merrett  and  Roe,  1974),  in  biochemistry 
and  physiology  (e.g.,  Blaxter  et  al.,  1971; 
Childress  and  Nygaard,  1973;  Douglas  et 
al.,  1976),  and  in  fisheries  (e.g.,  Gj0saeter 
and  Kawaguchi,  1980).  The  degree  of 
morphological  diversity  and  extent  of 
specialization  in  body  fomi  and  feeding 
structures  makes  the  group  an  excellent 
model  for  studies  concerned  with  evolu- 
tion in  general,  but  especially  evolution 
in  the  oceanic  environment. 

It  is  becoming  widely  accepted  that 
phylogenetic  analyses  of  relationship  are 
crucial  to  and  must  precede  explication 
of  evolutionar\'  patterns  and  subsequent 
discussions  of  evolutionary  mechanisms 
(e.g.,  Eldredge  and  Cracraft,  1980;  Lau- 
der, 1981;  Wiley,  1981).  Only  recendy 
have  explicitly  phylogenetic  methods 
been  used  to  elucidate  relationships 
within  the  Stomiiformes  (Weitzman, 
1974;  Fink,  1976,  and  in  preparation). 
The  phylogenetic  relationship  of  the  Sto- 
miiformes to  other  teleosts  has  been  ex- 
amined by  Rosen  (1973).  In  order  to  fa- 
cilitate future  phylogenetic  and 
evolutionary  studies  on  the  group,  we  re- 
consider stomiiform  relationships  vis  a 
vis  other  teleosts  and  provide  a  diagnosis 
of  the  group  using  phylogenetic  meth- 
odology. 

The  nomenclature  used  herein  reflects 
the  findings  of  Steyskal  (1980)  regarding 
formation  of  suprageneric  names  based 
on  the  name  Stomias.  Steyskal  (p.  172) 
found  that  the  traditional  usage,  such  as 
Stomiatidae  or  Stomiatiformes  (Rosen, 
1973),  is  incorrect  and  these  names 
should  be  amended  to  Stomiidae  and  Sto- 
miiformes, following  the  International 
Code  of  Zoological  Nomenclature. 

There  are  three  major  sections  to  this 
paper.  First,  there  is  an  osteological  de- 
scription of  specimens  of  Diplophos, 
which  we  consider  representative  of  phy- 


logenetically  and  morphologically  prim- 
itive stomiifomis  (see  Fig.  1).  Second,  we 
present  evidence  bearing  on  the  mono- 
phyly  of  the  Stomiifonnes  and  on  the  re- 
lationships of  the  group  with  other  te- 
leosts. Finally,  we  evaluate  recent 
hypotheses  of  relationships  within  the 
Protacanthopterygii  based  on  the  evi- 
dence we  have  encountered  during  our 
investigation  of  stomiiform  relationships. 

Our  recognition  of  Diplophos  species 
as  representative  of  morphologically  and 
phylogenetically  primitive  stomiifonns  is 
based  on  outgroup  comparisons.  We  sur- 
veyed the  morphology  of  members  of  the 
Stomiiformes  and  of  numerous  primitive 
teleosts  in  order  to  determine  the  distri- 
butions of  traits  among  them.  The  sto- 
miiform genus  whose  members  share  the 
fewest  characters  with  other  stomiifonns 
and  thus  the  most  characters  with  other 
primitive  teleosts  is  Diplophos.  It  is  pos- 
sible that  Diplophos  is  not  monophyletic, 
since  no  derived  characters  have  ever 
been  used  in  its  diagnosis.  Should  the 
genus  be  monophyletic,  the  character 
distribution  we  find  suggests  that  Diplo- 
phos is  the  sister  group  of  all  other  sto- 
miifonns; however,  a  documented  state- 
ment of  that  hypothesis  and  a  diagnosis 
of  the  genus  is  not  included  herein, 
pending  further  work  on  the  genera  in- 
cluded by  Weitzman  (1974)  in  the  Gon- 
ostomatidae  and  Photichthyidae.  Our 
study  does  not  include  a  critical  exami- 
nation of  those  families  (which  were  not 
diagnosed  by  Weitzman),  and  Diplophos 
may  eventually  be  found  to  be  a  member 
of  some  primitive  stomiifonn  subgroup. 
However,  the  usefulness  of  Diplophos 
species  as  representative  of  relatively 
primitive  stomiifonns  is  not  dependent 
upon  precise  hypotheses  of  their  phylo- 
genetic relationships.  The  four  known 
species  of  Diplophos  have  been  exam- 
ined bv  us  and  were  reviewed  by  Mu- 
khacheva(1978). 

Our  concept  of  relationships  is  phylo- 
genetic (sensu  Hennig,  1966).  Use  of  the 
word  primitive  in  the  text,  unless  other- 
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wise  qualified,  refers  to  phylogenetically  by  Weitzman  (1974),  but  we  prefer  to  re- 
primitive.  Characters  used  to  diagnose  tain  his  ranking  of  taxa  at  the  infraordinal 
groups  (synapomorphies)  were  chosen  by  level  and  below,  pending  work  on  rela- 
comparison  with  numerous  species  in  ap-  tionships  of  the  genera  of  primitive  sto- 
propriate  outgroups.  Specimens  exam-  miiforms  and  publication  of  the  senior 
ined  are  listed  in  the  Appendix.  author's  work  on  the  "Stomiatoidea." 

In  later  sections  we  present  arguments  In  the  description  of  Diplophos,  bones 

for  use  as  synapomorphies  certain  simi-  are  listed  as  paired  or  unpaired;  descrip- 

larities  among  the  various  teleosts  dis-  tions  of  paired  bones  are  for  one  member 

cussed.  We  have  concentrated  our  search  of  the  pair. 

for  characters  and  the  discussion  below  Most  of  the  specimens  used  in  this 
on  what  we  believe  to  be  primitive  mem-  study  were  cleared  and  stained,  using  a 
bers  of  their  lineages,  based  on  outgroup  modified  version  of  the  enzyme  tech- 
comparisons.  We  surveyed  more  derived  nique  of  Taylor  (1967).  The  illustrations 
members  of  each  group,  as  well,  to  try  to  were  prepared  with  the  use  of  camera  lu- 
ensure  that  the  characters  we  were  using  cida  with  Wild  M-5  or  Zeiss  IV-B  Zoom 
as  synapomorphies  for  each  lineage  were  microscopes;  a  Leitz  Widefield  stereo- 
not  instead  synapomorphies  for  some  rel-  microscope  was  used  for  detailed  obser- 
atively  primitive  subgroup  within  that  vations. 
lineage.  Also,  we  have  tried  to  point  to 

instances  of  "convergence,"  when  char-  DESCRIPTION  OF  DIPLOPHOS 

acters   used  as  synapomorphies  for  a  ethmoid  Region 
group  also  appear  to  be  present  ni  other 

lineages.  Recognition  of  convergence  is  The  ethmoid  cartilage  fomis  the  core 

based  on  parsimony  criteria,  and  our  jus-  of  the  anterior  region  of  the  neurocra- 

tification  is  presented  for  each  case.  nium  (Figs.  2-4).  In  dorsal  view,  the  eth- 

We  have  not  utilized  evolutionary  moid  cartilage  has  three  major  features: 
"trends"  or  "tendencies"  as  characters,  an  anterior,  broad  lateral  concavity,  the 
Usually  implicit  in  these  concepts  is  the  lateral  prenasal  process,  and  a  deeply 
assumption  that  primitive  members  of  concave  recess  for  the  nasal  capsule.  In 
the  group  lack  a  character  while  more  dorsal  view  the  profile  of  the  anterior  bor- 
derived  members  have  it.  In  such  a  case,  der  of  the  ethmoid  cartilage  lies  at  about 
however,  presence  of  the  character  a  90°  angle  to  the  longitudinal  body  axis, 
would  actually  diagnose  some  sub-  paralleling  the  anterior  border  of  the 
group(s)  within  a  larger  group.  When  a  vomer.  At  the  midline,  the  ethmoid  car- 
character  "trend"  is  based  on  a  character  tilage  is  dorsoventrally  shallowest  ante- 
which  is  present  but  less  elaborated  in  riorly,  gaining  in  thickness  posteriorly, 
primitive  members,  we  would  use  pres-  and  reaching  its  greatest  thickness  just 
ence  of  the  character  in  its  primitive  fonn  posterior  to  the  level  of  the  lateral  pre- 
to  diagnose  the  group  and  presence  of  the  nasal  processes.  There  are  two  major  lat- 
more  elaborated  character  to  diagnose  a  eral  extensions  of  the  ethmoid  cartilage: 
subgroup.  the  lateral  prenasal  processes  and  the 

Rosen's  conclusion  (1973),  with  which  lamina  orbitonasalis.  Anterior  to  the 
we  agree,  that  stomiiforms  represent  a  prenasal  processes,  the  anterodorsal  eth- 
lineage  separate  from  the  Protacanthop-  moid  surface  is  broadly  concave,  forming 
terygii,  in  which  the  "Stomiatoidei"  has  an  articular  surface  for  the  maxilla.  Be- 
generally  been  placed,  required  a  change  tween  the  prenasal  process  and  the  lam- 
to  ordinal  rank  for  the  group.  This  would  ina  orbitonasalis  is  the  deeply  concave 
seem  to  necessitate  comparable  changes  olfactory  recess.  Within  the  posterior 
in  rank  for  many  of  the  groups  recognized  wall  of  the  olfactory'  recess  is  the  foramen 
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Figure  2.     Ethmoid  region  of  D.  taenia  (USNM  206614;  171.0  mm  SL),  dorsal  view;  right  portion  of  rostrodermethmoid 
removed. 


olfactorium  advehens,  through  which  the 
olfactory  nerve  passes.  The  posterior  sur- 
face of  the  ethmoid  cartilage  has  a  single, 
medial  deep  conical  recess,  the  anterior 
myodome,  in  which  the  superior  oblique 
eye  muscles  have  their  point  of  origin. 
Posterior  to  the  lamina  orbitonasalis,  the 
cartilage  is  continuous  with  the  trabecu- 
lum communis  (Fig.  5)  ventrally  and  the 
orbital  cartilages  dorsally.  The  trabecu- 
lum communis  extends  posteriorly  from 
the  ethmoid  cartilage  and  lies  just  dorsal 
to  the  parasphenoid  bone.  A  membra- 
neous interorbital  septum  extends  from 
the  trabeculum  communis  to  the  frontal 
bones  above  the  orbit. 

The  ethmoid  ossifications  include  a 
single  supraethmoid,  a  single  rostroder- 
methmoid, a  single  ventral  ethmoid, 
paired  lateral  ethmoids,  and  a  single  an- 
terior myodome  bone.  The  supraethmoid 
is  a  perichondral  ossification  on  the  dor- 
sal cartilage  surface.  Posteriorly,  the  su- 
praethmoid has  a  slightly  convex  border, 
and  its  lateral  edges  meet  the  postero- 
medial borders  of  the  olfactory  recesses. 
Anteriorly,  the  supraethmoid  border  is 
more  convex  than  the  posterior  border, 
and  its  lateral  edges  meet  the  anterome- 
dial  border  of  the  olfactory  recesses.  The 
supraethmoid  ossification  also  covers  the 
medial  surface  of  the  olfactory  recess  as 


the  capsular  portion  of  the  supraethmoid. 
This  capsular  portion,  primarily  endo- 
chondral, is  an  approximately  cone- 
shaped  object  with  its  apex  near  the 
dorsal  midline.  Laterally,  the  capsular 
portion  is  highly  fenestrated.  (In  some 
more  specialized  stomiiforms  and  in  the 
osmerid  Spirinchus,  the  capsular  portion 
of  the  supraethmoid  is  separate  from  the 
dorsal  portion;  Weitzman,  1967:  509,  Fig. 

1.) 

The  dermal  rostrodermethmoid  is  a 
bone  formed  by  fusion  of  the  paired  der- 
methmoids  with  the  single  rostral  (Pat- 
terson, 1975:  511).  The  anteromedial 
"rostral"  section  extends  anterior  to  and 
between  the  "demiethmoid"  portions. 
Thus,  there  is  a  medial  ramus  between 
the  dermethmoid  portions  which  extends 
a  distance  about  equal  to  one-quarter  of 
their  length  in  an  anteroposterior  axis. 
Each  lateral  portion  of  the  ossification  is 
essentially  composed  of  two  large  rami, 
both  of  which  partially  overlie  the  su- 
praethmoid. The  lateral  ramus  is  fenes- 
trated, with  its  anterior  border  overlying 
the  anterior  border  of  the  ethmoid  carti- 
lage and  its  posterior  border  overlying 
the  anterior  border  of  the  olfactory  re- 
cess; its  lateral  apex  reaches  near  the  lat- 
eralmost  border  of  the  prenasal  process 
of  the  ethmoid  cartilage.  The  posterior 
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rostrodermethmoid  ramus  is  smooth  and  it  is  the  rostral  element  which  is  partially 

extends  posteriorly  to  overlap  the  frontal,  (or  completely?)  joined  to  the  lateral  der- 

The  lateral  border  of  the  posterior  ramus  methmoids. 

overlies  the  medial  border  of  the  olfac-  The  conclusion  that  we  have  reached 

tor\'  recess;  the  medial  border  is  slightly  regarding  the  phylogenetic  histor>'  of  the 

convex  and  extends  towards  the  midline  lateral  and  rostral  dennal  ethmoid  ossi- 

to  the  point  where  the  posterior  rami  of  fications  leads  us  to  call  the  lateral  ossi- 

the  rostrodemiethmoids  meet.  The  pos-  fications   lateral   dermethmoids   rather 

terior  ramus  reaches  to  a  point  just  dorsal  than  proethmoids  (as  done  by  Weitzman, 

to  the  vertical  ramus  of  the  lateral  eth-  1967a).  This  more  clearly  indicates  their 

moid.   Anteriorly,   the   rostral   portion  homology  with  the  lateral  dermethmoids 

reaches  very  near  to  the  vomer.  of  primitive  teleosts. 

Weitzman  (1967a)  considered  the  pres-  Also,  contra  Weitzman's  (1967a:  519) 
ence  of  two,  separate  "proethmoids"  statement  that  the  "lateral  supraethmoid 
(=  lateral  dermethmoids  of  Patterson,  process"  (  =  rostrodermethmoid,  herein) 
1975)  to  be  primitive  within  the  Prota-  is  fused  to  the  supraethmoid  in  large 
canthopterygii.  However,  Patterson  (1975:  specimens  of  Pohjmetme,  we  find  the 
511-512)  found  that  fusion  of  the  rostral  rostrodermethmoid  autogenous  in  speci- 
and  lateral  dennethmoids  into  a  single  mens  of  Pohjmetme  that  we  have  exam- 
bone  (the  rostrodennethmoid)  is  primi-  ined,  but  note  that  the  bones  are  indeed 
tive  within  teleosts.  In  most  teleosts  the  tightly  joined  in  adults, 
ethmoid  commissure  is  absent,  but  in  The  ventral  ethmoid  is  a  single,  medi- 
Megalops,  at  least,  it  is  present  (see  Pat-  an  perichondral  ossification  that  lies  dor- 
terson,  1975,  Fig.  140).  We  agree  with  sal  to  and  fuses  with  the  vomer  during 
Patterson  that  the  presence  of  two  sepa-  ontogeny.  The  anterior  border  of  the  ven- 
rated  "proethmoids"  of  some  osmeroids  tral  ethmoid  lies  ventral  to  the  anterior 
and  stomiifomis  is  a  derived  feature.  We  border  of  the  ethmoid  cartilage;  in  that 
further  suggest  that  "proethmoids"  result  area,  in  adults,  the  ossification  is  fused  to 
from  reduction  or  loss  of  the  rostral  por-  the  vomer.  There  are  bilateral,  postero- 
tion  of  the  rostrodennethmoid.  This  loss  laterally  projecting  broad  rami,  almost  tri- 
has  occurred  independently  in  osmeroids  angular  from  ventral  aspect,  which  ex- 
and  stomiifomis,  since  in  Diplophos  and  tend  over  most  of  the  dorsal  surface  of  the 
some  other  primitive  stomiifomis  such  as  vomer,  and  beyond  the  border  of  the 
Gonostoma,  Photichthys,  and  Triplo-  vomer,  posterolaterally. 
phos,  and  in  some  osmeroids  such  as  Hy-  The  anterior  myodome  bone  lines  the 
pomesus,  there  is  a  single  rostrodenneth-  conical  myodome  cavity  in  the  posterior 
moid.  In  Osmerus  (MCZ  56535)  we  find  wall  of  the  ethmoid  cartilage.  The  ossi- 
the  two  "proethmoids"  as  described  by  fication  extends  anteriorly  to  a  point  near 
Weitzman  (1967a:  509),  but  in  addition  the  anteromedial  apices  of  the  capsular 
find  a  small  but  well-developed  triangu-  portions  of  the  supraethmoid.  The  pos- 
lar  ossification  lying  anteromedial  to  the  terior  border  expands  to  near  the  level  of 
"proethmoids";  we  take  this  small  bone  the  posteroventral  border  of  the  capsular 
to  be  the  rostral  element.  In  a  post-larval  portion  of  the  supraethmoid,  and  ventral- 
specimen  of  Diplophos  taenia  (34  mm  ly  to  the  level  of  the  posterior  border  oi 
SL;  MCZ  52548),  we  see  what  appears  to  the  supraethmoid. 

be  a  small,  chevron-shaped  ossification  The  lateral  ethmoids  are  paired,  peri- 
lying  adjacent  and  anteromedial  to  the  chondral  ossifications.  The  following  de- 
lateral  dennethmoids;  we  are  unable  to  scription  is  of  one  side  only,  but  applies 
clearly  discern  joint  lines  completely  equally  to  the  other.  The  bone  covers  the 
around  this  ossification,  but  propose  that  anterior  and  posterior  surfaces  of  the  lam- 
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Figure  3.     Neurocranium  of  D.  taenia  (USNM  206614;  171.0  mm  SL),  dorsal  view.  Infraorbital  6  =  dermosphenotic  of 
authors. 


ina  orbitonasalis,  thus  lining  the  poste- 
rior wall  of  the  nasal  capsule  and  the  an- 
terior wall  of  the  orbit.  Within  the  nasal 
recess,  the  lateral  ethmoid  ossification 
extends  to  the  lateral  border  of  the  fora- 
men olfactorium  advehens  and  is  contin- 
uous through  the  lateral  wall  of  the  fora- 
men with  the  ossification  on  the  posterior 
wall  of  the  lamina  orbitonasalis.  Antero- 
dorsally  the  lateral  ethmoid  extends  to  a 
point  about  one-third  of  the  way  around 
the  concave  dorsoposterior  border  of  the 
olfactory  recess.  Posteriorly,  the  lateral 
ethmoid  ossification  extends  about  one- 
fourth  the  length  of  the  dorsal  wall  of  the 
orbital  cavity. 

The  vomer  (Figs.  2-4,  13)  is  a  median 
bone  which  lies  ventral  to  the  ethmoid 
cartilage.  It  is  a  compound  bone  com- 
posed of  the  ventral  ethmoid  and  vomer 
proper  (see  ventral  ethmoid,  above).  An- 
teriorly the  vomer  is  relatively  wide,  with 
two  broad  lateral  rami  which  anteriorly 
lie  ventral  to  the  anterior  border  of  the 
ethmoid  cartilage.  Each  ramus  has  one  to 
three  conical  teeth  ankylosed  to  it  later- 
ally (Fig.  4).  Anteromedially  the  vomer 
extends  dorsally  over  the  anterior  border 
of  the  ethmoid  cartilage  to  nearly  reach 
the   rostrodemiethmoid,   to  which   it  is 


tightly  bound  by  thick  connective  tissue. 
Posteriorly,  the  vomer  tapers  to  an  elon- 
gate, sharply-pointed  median  ramus  that 
extends  to  about  the  level  of  the  anterior 
wall  of  the  orbit  and  is  enclosed  dorsally 
by  the  parasphenoid.  A  thick  median  fi- 
brocartilage  body,  the  rostral  cartilage, 
lies  between  the  anterodorsal  surface  of 
the  ethmoid  region  and  the  posterior  sur- 
faces of  the  premaxillary  bones. 

Frontal  and  Parietal 

The  frontal  bones  are  paired  dennal 
ossifications  that  fonn  the  major  portion 
of  the  skull  roof  (Figs.  3,  4,  6).  Anteriorly 
the  frontal  extends  partially  over  the  eth- 
moid cartilage,  reaching  a  point  about 
equal  to  the  anterior  extension  of  the  an- 
terior myodome  bone.  Ante rolate rally  the 
frontal  lies  dorsal  to  the  medial  border  of 
the  nasal  recess  and  dorsal  to  the  lateral 
ethmoid.  More  posteriorly,  the  frontal  ov- 
erlies the  tectum  cranii  and  forms  the  lat- 
eral border  of  the  skull  roof  and  the 
dorsal  border  of  the  orbit.  At  the 
posterodorsal  border  of  the  orbit,  the 
frontal  curves  medially,  with  its  posterior 
border  ranging  in  various  individuals 
from  deeply  convex  to  relatively  straight. 
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Infraorbital  6  =  dermosphenotic  of  authors. 


at  about  a  90°  angle  to  the  longitudinal 
body  axis.  The  posterior  frontal  border 
lies  at  a  point  about  one-fifth  the  length 
of  the  neurocranium  from  its  posterior 
border.  Medially,  the  frontals  meet  in  an 
irregular  articulation  and  partially  over- 
lap one  another.  The  frontals  partially  ov- 
erlie the  following  bones:  supraethmoid, 
lateral  ethmoids,  sphenotics,  pterotics, 
and  parietals. 

The  supraorbital  sensory  canal  lies  on 
the  dorsal  surface  of  the  frontal  and  is  en- 
closed in  bone  for  about  one-third  its 
length  in  small  specimens  and  is  nearly 
enclosed  for  much  of  the  length  of  the 
frontal  in  large  specimens. 

The  parietals  are  paired  demial  ossifi- 
cations forming  the  dorsal  surface  of 
about  the  posterior  (juadrant  of  the  neu- 
rocranium (Figs.  3-7).  The  parietal  is 
roughly  s(iuare  in  dorsal  view.  The  an- 
terior border  lies  ventral  to  the  frontal,  is 


irregular,  and  lies  at  approximately  a  90° 
angle  to  the  longitudinal  body  axis.  The 
lateral  border  is  superficially  overlain  by 
the  pterotic  and  lies  more  or  less  parallel 
to  the  longitudinal  body  axis.  Just  lateral 
to  the  mid-length  of  the  parietal,  there  is 
a  deep  concave  facet  in  which  the  pte- 
rotic articulates.  There  is  a  deep  notch  in 
the  posterolateral  border  for  passage  of  a 
sensory  canal.  The  posterior  parietal  bor- 
der articulates  with  the  epioccipital  pos- 
terolaterally  and  with  the  suraoccipital 
posteromedially.  The  parietals  broadly 
overlap  at  the  dorsal  midline. 

Pterosphenoid,  Sphenotic, 
Parasphenoid,  Basisphenoid,  and 
Posterior  Myodome 

The  pterosphenoids  are  paired  ossifi- 
cations that  fonn  the  posterodorsal  wall 
of  the  orbits  (Figs.  4-6).  There  is  an  an- 
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Figure  5.     Neurocranium  (internal  view)  and  anterior  vertebrae  (lateral  view^)  of  D.  taenia  (USNM  206614;  171.0  mm  SL). 


terior  perichondral  portion  that  encloses 
much  of  the  orbital  cartilage.  The  ptero- 
sphenoid reaches  a  level  just  anterior  to 
the  midpoint  of  the  orbit.  Anteroventrally 
there  is  a  synchondral  joint  with  the  con- 
tralateral pterosphenoid;  posteroventral- 
ly  there  is  a  synchondral  joint  with  the 
basisphenoid.  The  dorsal  perichondral 
border  is  very  broadly  convex;  posterior- 
ly it  articulates  synchondrally  with  the 
prootic;  posterodorsally  it  articulates  syn- 
chondrally with  the  sphenotic;  dorsally 
it  approaches  or  articulates  with  the  fron- 
tal. Anterodorsal  to  its  articulation  with 
the  basisphenoid,  the  pterosphenoid  has 
a  deep  concavity  which  forms  the  dorsal 
border  of  the  optic  foramen. 

In  medial  aspect  the  pterosphenoid 
fomis  the  floor  and  ventrolateral  walls  of 
the  cranial  fossa  (Figs.  5,  6).  The  dorsal 
surface  of  the  bone  is  shallowly  concave 
anteriorly  and  posteriorly;  between  these 
concavities  the  bone  has  a  small  dorsal 
rise  that  extends  dorsolaterals. 


The  sphenotics  are  paired  bones,  pos- 
terolaterally  articulating  synchondrally 
with  the  pterosphenoids  and  anterolat- 
erally  articulating  synchondrally  with  the 
prootics;  they  fonn  the  posterolateral  bor- 
der to  the  orbital  fossa  (Figs.  3-6).  Ante- 
riorly the  sphenotic  lies  more  or  less  hor- 
izontally, with  vertical  perichondral 
ossifications  lining  the  posterodorsal  roof 
of  the  orbital  fossa  and  dorsal  ossifica- 
tions forming  the  lateral  border  of  the 
neurocranium  (the  sphenotic  is  almost 
completely  overlain  by  the  frontal).  The 
posterior  half  of  the  sphenotic  extends 
more  ventrally  and  medially  than  the  an- 
terior half;  it  extends  ventrally  to  join  the 
prootic  synchondrally  and  (endochon- 
drally)  extends  medially  to  fonn  part  of 
the  lateral  wall  of  the  cranial  fossa  (Fig. 
5).  The  posteroventral  border  of  the 
sphenotic  is  slightly  to  deeply  concave; 
medial  to  this  concavity  is  the  articula- 
tion of  the  hyomandibula  (the  hyoman- 
dibular  fossa).   In   medial   aspect,   the 
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Figure  6.     A.  Neurocranium  of  D.  taenia  (USNM  206614;  171.0  mm  SL),  internal  view;  cartilage  not  shown.  B.  Same  as 
A,  with  each  bone  represented  by  a  symbol  pattern. 


sphenotic  is  deeply  eoncave;  posteriorly, 
there  is  a  small  conical  fossa  against 
which  lies  the  anterior  portion  of  the  an- 
terior vertical  semicircular  canal.  In  D. 
maderensis,  D.  greyae,  and  D.  rehainsi, 
the  cartilaginous  chondrocranium  lies 
between  the  sphenotic  and  the  brain  cav- 
ity; in  D.  taenia,  no  cartilage  is  present 
in  that  area  and  bone  is  visible  on  the 
medial  surface  of  the  braincase  (Fig.  .5). 

The  parasphenoid  is  a  single,  relatively 
straight  median  bone  (Fig.  4).  Anteriorly, 
the  parasphenoid  lies  just  ventral  to  the 
ethmoid  cartilage,  approaching  its  ante- 
rior border.  More  posteriorly  the  para- 
sphenoid extends  ventral  to  the  trabecu- 
lum communis  to  fonn  the  medial  floor 
of  the  orbit.  The  ventral  surface  of  the 
parasphenoid  is  concave  in  the  region 
ventral  to  the  posterior  areas  of  the  eth- 


moid cartilage  and  orbit;  the  vomer  artic- 
ulates in  this  concavity.  At  a  point  about 
the  mid-length  of  the  orbit  (in  D.  made- 
rensis) or  posterior  to  that  point  (in  D. 
taenia)  there  is  a  bilateral  flange  of  bone 
that  enlarges  posteriorly;  each  flange  ex- 
tends up  to  meet  and  lie  lateral  to  the 
basisphenoid  and  then  continues  as  a  lat- 
eral wing  that  lies  lateral  to  and  is  tightly 
articulated  with  the  prootic  and  basioc- 
cipital.  The  posterior  extension  oi  the 
parasphenoid  lies  medial  to  about  the 
midpoint  of  the  otic  bullae. 

The  basisphenoid  consists  of  a  single 
ventral  ramus  and  broad,  short  bilateral 
dorsal  rami  (Figs.  4-6).  The  ventral  ra- 
mus extends  over  the  trabeculum  com- 
munis and  enters  the  orbital  cavity;  the 
ventral  border  of  the  basisphenoid  ossi- 
fication is  either  slightly  convex  or  more 
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or  less  straight  and  horizontal,  curving  ulations  with  the  epioccipitals  along  its 
dorsally  anteriorly,  and  reaching  to  about  posterolateral  borders.  Dorsally,  the  su- 
the  level  of  the  dorsal  border  of  the  lat-  praoccipital  is  ver>'  broadly  convex,  with 
eral  parasphenoid  wing.  The  dorsal  rami  about  half  of  its  area  overlain  by  the  pa- 
extend  laterally,  anterodorsally  articulat-  rietals.  There  is  a  very  small  supraoccip- 
ing  synchondrally  with  the   pterosphe-  ital  crest. 

noids   posterodorsally   and   posteriorly  The  medial  surface  of  the  supraoccip- 

lying  medial  to  and  articulating  diarthral-  ital  forms  the  internal  posterodorsal  roof 

ly  with  the  prootic.  From  lateral  aspect  of  the  cranial  fossa.  There  is  a  perichon- 

the  anterior  basisphenoid  border  is  con-  drally  lightly  ossified  area  which  curves 

cave,  the  posterior  border  more  deeply  around  the  dorsal  portion  of  the  posterior 

so;  the  dorsal  border  is  broadly  convex  vertical  semicircular  canal, 

(see  Figs.  5,  6).  The  anteromedian  border  The   epioccipitals   (  =  epiotics,   sensu 

of  each  lateral  ramus  is  deeply  concave  lata;  see  Patterson,  1975:  425)  are  paired, 

and  forms  the  ventral  border  of  the  optic  perichondral  ossifications  that  fomi  the 

foramen.  Between  the  posterior  border  of  dorsoposterior  part  of  the  braincase  and 

the  ventral  basisphenoid  ramus  and  the  contain  the   posterior  vertical   semicir- 

prootic  and  parasphenoid,  there  is  a  hia-  cular  canals  (Figs.  3,  4,  6,  7).  The  epioc- 

tus;  in  more  derived  stomiiforms  this  hia-  cipital  has  synchondral  joints  with  the  su- 

tus  is  relatively  large  and  is  temied  the  praoccipital    medially,    the    pterotic 

post-basisphenoid  space   of  Weitzman  laterally,  and  the  exoccipital  ventrally. 

(1967a).  The  posteroventral  surface  of  the  inter- 

The   medial   surface  of  the  basisphe-  calar  articulates  syndesmotically  with  the 

noid,  facing  the  cranial  fossa,  is  deeply  epioccipital. 

concave.  The  medial  surface  of  the  epioccipital 

The   posterior  myodome   is  relatively  consists  primarily  of  a  perichondrally  os- 

large  and  deep  (Figs.  5,  6).  Anteriorly  the  sified  canal  through  which  passes  the 

myodome  extends  dorsally  as  far  as  the  posterior  vertical  semicircular  canal  (Fig. 

dorsoventral  surfaces  of  the  lateral  basi-  5). 

sphenoid  rami.   Posteriorly,  the  dorsal  The   exoccipitals   are   paired  bones 

roof  of  the  myodome  is  formed  by  the  which  fonn  the  largest  portion  of  the  pos- 

medial  prootic  laminae.  The  floor  of  the  terior  of  the  skull  (Figs.  3-7).  There  are 

myodome  is  fonned  by  the  parasphenoid  synchondral  joints  with  the  epioccipitals 

and  its  lateral  extensions.  The  lateral  wall  dorsally,  the  pterotic  anterodorsally,  the 

of  the  myodome  is  fonned  by  the  prootic  contralateral  exoccipital   medially,  the 

and  parasphenoid;   the   medial  wall   is  prootic  anterolaterally,  and  the  basioccip- 

fonried  by  the  prootic.  The  posterior  ter-  ital  ventrally.  The  intercalar  overlies  the 

mination  of  the  myodome  lies  at  about  posterodorsal  and  dorsolateral  exoccipi- 

the  midpoint  between  the  anterior  bor-  tal  surfaces  and  articulates  in  a  thick  syn- 

der  of  the  lateral  parasphenoid  wing  and  desmotic  joint.  The  anterior  border  of  the 

the  posterior  border  of  the  parasphenoid.  exoccipital,  adjacent  to  the  prootic,   is 

nearly  vertical  to  the  longitudinal  body 

Otic  and  Occipital  Regions  and  f  ^^.'  ^^^  ^^f^^  border,  adjacent  to  the 

POSTTEMPORAL  FosSA  basioccipital,  IS  nearly  horizontal.  The 

dorsal  border  extends  laterally  and  ven- 

The  supraoccipital  is  a  single  median  trally  at  the  posterolateral  corner  of  the 

bone  lying  at  the  dorsoposterior  apex  of  neurocranium,  then   is  broadly  convex 

the   skull   (Figs.  3-7).   From   posterior  along  the  posterior  region  of  the  skull, 

view,  the  bone  is  roughly  triangular,  with  The  posteromedial  border  is  vertical  dor- 

a  ventral  apex;  it  has  synchondral  artic-  sally,  then  deeply  concave  where  it  fomis 
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Figure  7.     Neurocranium  of  D.  taenia  (USNM  206614;  171.0  mm  SL),  posterior  view. 


the  border  of  the  foramen  magnum,  ex- 
ckiding  the  basioccipital  from  the  fora- 
men magnum.  Ventral  to  the  foramen 
magnum,  the  exoccipital  bears  a  wide  ar- 
ticular facet  which  fonns,  with  the  basi- 
occipital (see  below),  a  deeply  concave 
articular  surface  for  the  notochord.  The 
foramen  for  the  ninth  and  tenth  cranial 
nerves  is  a  prominent  feature  of  the  ex- 
occipital  (Fig.  7). 

The  medial  surface  of  the  exoccipital 
fonns  the  posterolateral  and  posterodor- 
sal  walls  of  a  deep  cavity  which  contains 
the  saccular  and  lagenar  portions  of  the 
ear.  In  addition,  there  is  a  deep  concavity 
dorsolaterally  on  the  exoccipital  in  which 
lies  the  ampulla  at  the  junction  of  the 
posterior  portions  of  the  horizontal  and 
posterior  vertical  semicircular  canals. 

The  basioccipital  is  a  single  bone 
which  forms  the  posterior  floor  of  the 
neurocranium  (Figs.  4-7).  Anteriorly,  the 


basioccipital  extends  to  a  point  about 
midway  between  the  posterior  surface  of 
the  neurocranium  and  the  anteroventral 
border  of  the  prootic.  Anteroventrally  the 
basioccipital  lies  dorsal  to  the  parasphe- 
noid,  which  is  tightly  joined  to  it  syndes- 
motically  and  synchondrally.  The  broad- 
ly concave  anterior  border  of  the 
basioccipital  has  a  synchondral  joint  with 
the  prootic;  the  nearly  straight  dorsal  bor- 
der has  a  synchondral  joint  with  the  ex- 
occipital. Posteriorly  the  basioccipital 
has  a  deeply  concave  articular  surface  for 
the  notochord.  The  basioccipital  fonns 
the  floor  of  the  lagenar  capsule. 

The  shape  of  the  basioccipital  in  me- 
dial view  is  illustrated  in  Figures  5  and 
6.  There  are  bilateral,  very  deep  concav- 
ities in  the  bone  in  which  lie  the  saccular 
and  lagenar  portions  of  the  ear.  The  large 
medial  flange  of  bone  separating  the  two 
concavities  is  visible  in  Figure  7  just  ven- 
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tral  to  the  foramen  magnum  and  medial 
to  the  posteromedial  borders  of  the  ex- 
occipitals. 

The  intercalars  are  paired  dermal 
bones  which  overlay  and  have  tight  syn- 
desmotic  joints  with  the  epioccipitals, 
pterotics,  and  exoccipitals  (Figs.  3,  7). 
The  posterolateral  apex  of  the  intercalar 
is  a  process  which  serves  as  the  attach- 
ment site  for  the  ligament  extending  from 
the  anteroventral  ramus  of  the  posttem- 
poral. 

The  prootics  are  paired  bones  which 
form  much  of  the  lateral  walls  of  the 
braincase  (Figs.  4-6).  Ventrally,  the 
prootic  lies  medial  to,  and  has  a  broad 
syndesmotic  articulation  with,  the  para- 
sphenoid.  The  prootic  has  synchondral 
articulations  with  the  basisphenoid  an- 
teroventrally,  the  pterosphenoid  antero- 
dorsally,  the  sphenotic  anterolaterally, 
the  pterotic  posterolaterally,  the  exoccip- 
ital  posteriorly,  and  the  basioccipital  pos- 
teroventrally.  The  lateral  external  face  of 
the  prootic  is  more  or  less  concave  as  it 
extends  dorsolaterally  from  its  ventral  ar- 
ticulation with  the  parasphenoid  to  its 
articulation  with  the  sphenotic  and  ptero- 
sphenoid. The  prootic  contains  foramina 
for  the  complex  of  the  fifth  and  seventh 
cranial  nerves. 

In  medial  view  the  prootic  shape  is 
complex  (Figs.  5,  6).  Ventrally,  there  is  a 
broad  medial  extension  which  articulates 
synchondrally  with  the  contralateral 
prootic;  this  broad  extension  fonns  the 
roof  of  the  posterior  myodome.  Postero- 
medially,  there  is  a  broad,  deep  concavity 
in  which  lies  the  anterior  of  the  sacculus 
and  its  large  otolith  (saggita).  Dorsolat- 
erally, there  is  a  broad  concavity  in  which 
lies  the  utriculus. 

The  pterotics  are  paired  compound 
bones  which  lie  on  the  posterolateral  bor- 
der of  the  skull  (Figs.  3,  4,  6,  7).  There 
are  synchondral  articulations  with  the 
prootic  anteroventrally.  On  the  dorsal 
surface  of  the  skull,  the  pterotic  has  an 
anterior  ramus  which  partially  overlies 
the  sphenotic;  the  medial  border  is  con- 


vex and  broadly  overlies  the  parietal  (fit- 
ting into  a  shallow  concavity  on  the  dor- 
sal surface  of  that  bone).  The  dorsal 
anterior  ramus  is  itself  overlain  by  the 
dermosphenotic.  A  laterosensory  canal 
extends  along  the  dorsolateral  pterotic 
surface  and  is  partially  enclosed  by  bone. 
The  ventrolateral  surface  of  the  pterotic 
bears  a  long  groove,  the  hyomandibular 
fossa.  The  ventral  surface  of  the  pterotic 
is  concave. 

The  medial  surface  of  the  pterotic, 
which  partially  lines  the  cranial  fossa,  is 
primarily  an  ossification  which  contains 
the  horizontal  semicircular  canal  (Figs.  5, 
6). 

The  posttemporal  fossa  lies  in  the  pos- 
terior region  of  the  neurocranium,  near 
its  dorsolateral  border.  The  opening  of 
the  fossa  is  bordered  medially  by  the 
epioccipital,  and  laterally  by  the  pterotic. 
The  dorsal  wall  and  part  of  the  medial 
wall  of  the  fossa  are  fonned  by  the  pari- 
etal, the  vertical  and  lateral  walls  by  the 
pterotic.  The  fossa  extends  anteriorly  to 
a  point  at  about  the  mid-length  of  the 
pterotic,  as  viewed  from  dorsal  aspect. 

CiRCUMORBITAL  BONES 

The  orbital  bone  series  of  Diplophos 
is  well  developed  and  heavily  ossified 
(Fig.  8). 

The  supraorbital  is  a  thin  elongate 
bone  which  fonns  the  anterodorsal  bor- 
der of  the  orbit.  The  bone  lies  lateral  to 
the  frontal  and  posterolateral  to  the  olfac- 
tory fossa.  The  anteromedial  border  of 
the  supraorbital  fonns  a  small  portion  of 
the  border  of  the  olfactory  fossa.  The  dor- 
sal surface  of  the  supraorbital  is  concave 
as  the  bone  spreads  laterally  out  over  the 
eye. 

The  antorbital  is  a  wafer-like  thin  bone 
which  lies  anterior  to  the  orbit;  its  dor- 
soposterior  border  usually  forms  the  lat- 
eral border  of  the  olfactory  capsule.  In 
some  specimens,  the  antorbital  slightly 
overlies  the  maxilla.  The  antorbital  may 
lie  somewhat  anteriorly  offset  from  the 
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Figure  8.     Suspensorium  and  infraorbital  bone  series  of  D.  taenia  (USNM  206614;  171.0  mm  SL),  lateral  view. 


supraorbital  and  the  first  infraorbital 
(lOl),  so  may  be  excluded  from  the  an- 
terior border  of  the  orbit. 

Infraorbital  1  lies  along  the  anteroven- 
tral  border  of  the  orbit.  There  is  a  small 
sensory  canal  on  the  dorsal  border,  an- 
teriorly. Anteriorly,  the  dorsal  border  is 
concave  and  follows  the  rim  of  the  orbit; 
more  posteriorly,  the  dorsal  border  be- 
comes gently  convex.  The  ventral  border 
is  more  or  less  convex.  Posteriorly,  lOl 
lies  medial  to  I02. 

Infraorbital  2  fomis  the  ventral  border 
of  the  orbit.  There  is  a  laterally-project- 
ing bony  lamella  along  the  dorsal  border 
ot  I()2.  Anteriorly,  an  open  sensory  canal 
extends  just  ventral  to  the  lamella,  then, 
just  posterior  to  the  mid-length  of  the 
bone,  the  canal  extends  posteroventrally 
to  meet  the  canal  on  I03.  The  ventral 
border  of  the  thin  bony  lamella  of  I02  is 
more  or  less  convex.  The  posterior  border 
of  I02  is  slightly  convex  dorsally,  be- 
tween the  dorsal  border  of  the  bone  and 


the  sensory  canal;  ventral  to  the  sensory 
canal,  the  border  may  be  more  or  less 
posterior  to  lOl  and  the  anterior  portion 
of  I03. 

Infraorbital  3  is  the  largest  of  the  in- 
fraorbital series.  Anterodorsally,  its  bor- 
der forms  a  portion  of  the  orbital  rim;  pos- 
teriorly, the  bone  covers  much  of  the 
"cheek"  area  and  the  adductor  mandib- 
ulae  muscles.  The  ventral  border  of  I03 
is  slightly  convex  anteriorly;  more  pos- 
teriorly, there  is  an  abrupt  ventral  angle, 
and  the  ventral  border  is  more  deeply 
concave  (this  is  dorsal  to  the  area  where 
the  supramaxilla  abuts  I03).  The  poste- 
rior border  of  I()3  is  broadly  convex  and 
is  tightl\-  bound  to  the  preopercle.  The 
dorsal  border  of  I03  underlies  I04  and 
is  gently  concave.  There  is  a  sensory  ca- 
nal on  I03  which  may  be  open  or  par- 
tialK'  open  and  which  consists  of  a  ver- 
tical canal,  an  anterior  canal,  and  one  or 
two  small,  short,  posterior  canals. 

Infraorbital  4  lies  posterior  to  the  orbit, 
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fonning  part  of  its  posterior  border.  An- 
teriorly, I04  has  a  well-developed  sen- 
sory' canal,  nearly  enclosed,  which  angles 
dorsalK'  and  slightly  posteriorK',  and  is 
contiguous  with  the  canal  on  I05.  The 
anterior  border  has  a  laterally-projecting 
flange,  which  is  anterior  to  the  sensorv' 
canal.  The  anterior  and  dorsal  borders  of 
I04  are  slightly  concave;  the  ventral  and 
posterior  borders  are  slightly  convex. 
The  dorsal  border  lies  medial  to  I05,  and 
the  ventral  border  lies  lateral  to  I03. 

Infraorbital  5  is  smaller  than  I04;  it  is 
more  or  less  oblong  in  shape.  The  bone 
is  excluded  from  the  orbit  by  I04.  A 
small,  open  sensory  canal  lies  in  the  an- 
terior region  of  the  infraorbital.  The  ven- 
tral border  lies  lateral  to  I04;  a  small  seg- 
ment of  the  dorsal  border  is  medial  to 
I06. 

Infraorbital  6  (dermosphenotic)  is  a 
small  bone  which  lies  dorsal  to  I05.  The 
bone  articulates  syndesmotically  on  the 
flat  anterior  surface  of  the  pterotic  and  on 
the  posterior  surface  of  the  sphenotic.  In 
specimens  of  D.  taenia,  I06  is  a  rather 
short  bone  in  an  anteroposterior  axis, 
being  bluntly  triangular  or  oblong.  In  D. 
maderensis,  I06  is  a  more  elongate  bone, 
extending  more  posteriorly  on  the  pterot- 
ic. In  both  species  there  is  an  open  sen- 
sory canal  in  the  anterior  region  of  the 
bone. 

Nasals 

The  nasals  are  paired  bones  which  lie 
medial  to  and  partially  form  the  medial 
borders  of  the  olfactory  fossae  (Fig.  2). 
The  nasal  is  syndesmotically  articulated 
with  the  dorsal  surface  of  the  rostroder- 
methmoid.  The  nasal  is  primarily  an 
open  bony  canal  which  arches  around  the 
olfactory  fossa. 

Upper  Jaw 

The  premaxillae  are  paired,  toothed 
bones  which  fonri  the  anterodorsal  bor- 
der of  the  mouth  (Figs.  4,  8).  There  is  a 
small  articular  process  anteriorly.  The 


premaxilla  is  slightly  curved  from  dorsal 
aspect,  is  relatively  broad  anteriorly,  and 
tapers  to  a  blunt  point  posteriorly.  Pos- 
terior to  the  articular  process  there  is  a 
deep  concave  facet,  which  serves  as  the 
articulation  point  with  the  maxilla.  At  the 
symphysis  there  is  a  slight  concavity  on 
the  anterior  surface  of  the  premaxilla.  On 
the  posterior  surface  near  the  symphysis 
there  is  a  concavity  which  serves  as  an 
attachment  site  for  suspensory  ligaments 
(see  page  56).  There  are  about  five  to 
eight  fang-like  teeth  and  numerous 
smaller  teeth  ankylosed  to  the  ventral 
border  of  the  bone  (Type  1  of  Fink,  1981). 

The  maxillae  are  paired  bones  which 
form  the  posterodorsal  border  of  the 
mouth  (Figs.  4,  8).  Each  maxilla  is  an 
elongate  bone  which  is,  from  dorsal  as- 
pect, somewhat  broad  anteriorly  and 
slender  posteriorly.  The  medial  surface 
of  the  anterior  border  of  the  maxilla  is 
extended  as  a  condyle.  Ventral  to  the  con- 
dyle is  a  convexity  on  which  the  anterior 
premaxillary-maxillar>'  ligament  attaches 
(Fig.  13).  Anterolaterally  near  the  sym- 
physis, there  is  a  shallow  facet  which  ar- 
ticulates in  the  concavity  on  the  posterior 
surface  of  the  articular  process  of  the  pre- 
maxilla. For  about  half  its  length  the  max- 
illa articulates  with  the  dorsomedial  sur- 
face of  the  premaxilla  and  is  toothless.  At 
about  the  mid-length  of  the  maxilla,  the 
ventral  border  of  the  bone  angles  ven- 
tralward  and  becomes  slightly  convex  to 
its  posterior  temiination;  in  this  area  the 
ventral  border  bears  numerous  teeth 
(Fig.  8).  The  more  anterior  teeth  are  larg- 
er than  those  more  posterior;  all  mature 
teeth  have  Type  1  attachment  mode.  The 
toothed  area  of  the  maxilla  anteriorly 
meets  the  posterior  extension  of  the  pre- 
maxilla; thus,  the  upper  border  of  the 
mouth  is  toothed  along  its  entire  length. 
At  about  the  middle  of  the  lateral  surface 
along  the  tooth-bearing  portion  of  the 
maxilla  there  is  a  small  lateral  lamella  of 
bone  (Fig.  8). 

There  are  two  pairs  of  supramaxillary 
bones.  The  anterior  supramaxilla  lies  in 
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connective  tissue  dorsal  to  the  anterior 
toothed  portion  of  the  maxilla  and  artic- 
ulates with  the  dorsolateral  surface  of 
that  bone  (Fig.  8).  The  ventral  border  of 
the  anterior  supramaxilla  is  nearly  straight 
or  slightly  convex.  Anteriorly,  the  bone 
border  is  broadly  convex.  The  dorsal  bor- 
der is  slightly  concave  anteriorly  and 
broadly  convex  posteriorly.  The  posterior 
border  is  broadly  convex.  The  bone,  in  a 
dorsoventral  plane,  is  much  larger  pos- 
teriorly than  anteriorly.  The  dorsal  and 
posterior  borders  lie  lateral  to,  and  attach 
by  dense  connective  tissue  to,  the  pos- 
terior supramaxilla. 

The  posterior  supramaxilla  is  an  elon- 
gate, thin  bone  that  lies  medial  and  pos- 
terior to  the  anterior  supramaxilla  and 
dorsal  to  the  posterior  area  of  the  tooth- 
bearing  portion  of  the  maxilla  (Fig.  8). 
Posteriorly,  the  ventral  border  of  the  pos- 
terior supramaxilla  is  more  or  less 
straight  and  in  line  with  the  same  border 
of  the  anterior  supramaxilla,  articulating 
with  the  dorsolateral  face  of  the  maxilla. 
Anteriorly,  the  ventral  border  is  deeply 
concave,  roughly  matching  the  curvature 
of  the  posterodorsal  border  of  the  anterior 
supramaxilla.  The  dorsal  border  of  the 
posterior  supramaxilla  is  convex  anterior- 
ly, then  concave  for  a  short  distance,  then 
posteriorly  is  convex  to  the  posterior  ter- 
mination of  the  bone.  Thus,  the  posterior 
supramaxilla  has  two  portions:  an  ante- 
rior slender,  curving  ramus  of  bone  and 
a  more  oblong  posterior  section.  The  an- 
terior ramus  bears  a  lateral  facet  into 
which  articulates  the  posterodorsal  bor- 
der of  the  anterior  supramaxilla  (Fig.  8). 

Lower  Jaw 

The  dentaries  are  paired  and  are  the 
tooth-bearing  bones  which  form  most  of 
the  ventral  border  of  the  mouth  (Figs.  4, 
8).  From  dorsal  aspect,  the  main  body  of 
the  dentary  is  more  or  less  straight  pos- 
teriorly, arching  medially  anteriorly.  The 
dentaries  are  joined  at  the  midline  ante- 
riorly by  a  strong  syndesmotic  joint.  The 


main  body  of  the  dentary  contains  a  deep 
median  fossa  for  attachment  of  the  ad- 
ductor muscles  (Fig.  4).  Ventral  to  this 
main  dentary  body  is  a  long  bony  flange 
which  forms  the  ventral  border  for  most 
of  the  dentary  length. 

The  dorsal  border  of  the  dentary  bears 
four  to  eight  large  fang-like  teeth  and  nu- 
merous smaller  teeth.  Anteriorly  there  is 
a  short  outer  row  of  five  to  nine  slender 
teeth  and  an  inner  row  of  much  larger 
caninifonn  teeth.  Posteriorly  the  teeth 
are  all  more  or  less  in  a  single  row;  here 
the  small  teeth  are  much  smaller  than  the 
large  caninifonn  teeth.  All  teeth  have 
Type  1  attachment  mode.  The  postero- 
medial border  of  the  dentary  is  deeply 
concave  and  is  the  medial  border  of  the 
mandibular  fossa;  the  posterolateral  bor- 
der of  the  dentary  is  also  concave,  but  the 
concavity  extends  anteriorly  less  than 
half  the  distance  of  the  medial  border. 

The  anguloarticulars  are  paired  bones 
which  form  the  major  posterior  portion  of 
the  mandible  (Figs.  4,  8).  The  bone  is  of 
complex  shape.  Anteriorly  the  bone  lies 
medial  and  dorsal  to  the  lateral  and  ven- 
tral walls  of  the  mandibular  fossa  of  the 
dentary.  The  ventral  border  of  the  angu- 
loarticular  extends  anteriorly  to  a  point 
just  anterior  to  the  medial  border  of  the 
fossa  on  the  dentary;  in  the  region  dorsal 
to  the  ventral  flange  of  the  dentary,  the 
ventral  border  of  the  anguloarticular  is 
straight,  but  posterior  to  that  area  the  an- 
guloarticular has  its  own  ventral  flange 
(Fig.  8).  The  dorsal  anguloarticular  bor- 
der is  concave  anteriorly  (Fig.  8)  and 
slightly  convex  posteriorly.  The  posterior 
border  is  deeply  convex  dorsally  and 
deeply  concave  ventrally,  where  there  is 
an  articular  facet  for  the  quadrate.  The 
inner  wall  of  the  anguloarticular  fonns  a 
shallow  fossa,  continuous  with  that  of  the 
dentary;  posteriorly  there  is  a  medial 
wall  of  the  fossa. 

The  retroarticular  is  a  small  cap  of  bone 
which  articulates  tightly  against  the  pos- 
teromedial apex  of  the  anguloarticular 
(Figs.  4,  8). 
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Meckel's  cartilage  is  a  slender  rod  of" 
cartilage  which  extends  along  die  floor  of 
die  niandibidar  fossa  from  a  small  con- 
dyle on  the  angnloarticular  at  the  ventral 
border  of  the  inner  wall  of  the  fossa  (Fig. 
4)  to  near  the  symphysis  in  the  main  body 
of  the  dentary. 

Palatine  Arch  and  Dorsal  Portion 
OF  THE  Hyoid  Arch 

The  ({uadrates  are  paired  bones  that 
fomi  the  ventral  portions  of  the  snspen- 
soria,  to  which  the  mandible  articulates 
(Fig.  4).  The  quadrate  is  more  or  less  tri- 
angular, with  a  ventral  apex  in  the  fomi 
of  an  articular  facet  for  the  angnloarticu- 
lar. The  anterior  border  of  the  quadrate 
is  more  or  less  straight  and  extends  in  an 
anterodorsal  direction.  The  anterior  bor- 
der lies  lateral  to  and  articulates  by  con- 
nective tissue  with  the  posterior  border 
of  the  ectopterygoid.  The  dorsal  border 
of  the  quadrate  is  slightly  convex  and  has 
a  synchondral  joint  with  the  metaptery- 
goid  bone.  The  posterior  border  of  the 
quadrate  proper  is  more  or  less  straight 
and  is  nearly  vertical  or  canted  slightly 
dorsoposteriorly.  The  posterior  quadrate 
border  has  a  tight  syndesmotic  joint  with 
the  symplectic,  which  lies  against  it.  Pos- 
terolateral to  the  posterior  quadrate  bor- 
der is  a  slender  bony  flange  which  has  a 
slightly  convex  border,  and  which  ex- 
tends from  near  the  dorsalmost  point  of 
the  quadrate  to  near  the  articular  facet. 

The  ectopterygoid  bones  form  the  pos- 
teroventral  borders  of  the  palatine  arches 
(Fig.  4).  The  ectopterygoid  is  an  elongate 
bone  which  extends  from  near  the  artic- 
ulation of  the  quadrate  and  the  angnloar- 
ticular to  a  point  near  the  anterior  artic- 
ulations of  the  palatine  with  the 
neurocranium.  The  ventral  border  of  the 
ectopterygoid  is  very  broadly  concave. 
The  anterior  border  has  a  tight  syndes- 
motic joint  with  the  posterodorsal  surface 
of  the  palatine  bone  and  is  tapered  an- 
terodorsally  to  a  blunt  point.  The  dorsal 
border  of  the  ectopterygoid  is  more  or 


less  straight  or  slightly  concave.  The  pos- 
terior border  is  somewhat  variable  among 
individuals  and  may  be  slightly  convex 
ventrally  and  rather  deeply  concave  dor- 
sally,  or  it  may  be  slightly  concave,  with 
a  convexity  near  the  dorsal  border  (Fig. 
4).  Along  the  dorsal  border  of  the  ecto- 
pterygoid there  are  two  bony  flanges,  one 
which  extends  anterolaterally  and  one 
which  extends  medially  along  the  entire 
dorsal  border  of  the  bone.  Within  the 
concavity  formed  by  these  flanges  is  the 
articular  surface  for  the  synchondral 
joints  with  the  mesopterygoid  anteriorly 
and  the  metapterygoid  posteriorly.  The 
anterolateral  flange  of  the  ectopterygoid 
lies  lateral  to  the  mesopterygoid  articu- 
lation and  ventral  to  the  metapterygoid 
articulation.  The  medial  flange  of  bone 
lies  medial  or  ventromedial  to  the  meso- 
pterygoid and  medial  to  the  metaptery- 
goid (Fig.  4). 

The  palatine  bones  form  the  antero- 
ventral  borders  of  the  palatine  arch  (Figs. 
4,  13,  14).  The  palatine  can  be  seen  to 
consist  of  two  condyles  which  articulate 
with  the  neurocranium  and  a  posterior 
ramus  which  extends  ventral  to  the  ec- 
topterygoid. The  anterior  condyle  artic- 
ulates with  the  ethmoid  cartilage  in  the 
area  of  the  prenasal  process.  This  con- 
dyle is  more  or  less  triangular  in  cross 
section  and  has  a  large  cartilaginous  tip. 
The  ventral  border  has  a  small  edge 
which  has  one  to  four  recurved  teeth;  this 
toothed  ridge  is  slightly  medial  to  the 
tooth-bearing  portion  of  the  posterior  pal- 
atine ramus.  The  posterior  condyle  lies 
posteromedial  to  the  anterior  condyle 
and  articulates  with  the  ethmoid  cartilage 
in  the  region  of  the  lateral  ethmoid  (Fig. 
4).  This  condyle  is  quite  broad  and  has  a 
concave  dorsal  surface.  The  medial  bony 
border  is  deeply  convex  from  dorsal  as- 
pect; the  medial  cartilaginous  border  ex- 
tends medially  to  near  the  anteromedial 
border  of  the  mesopterygoid  in  small 
specimens  and  forms  a  synchondral  joint 
with  that  bone  in  large  specimens.  Pos- 
teriorly, the  posterior  condyle  overlaps 
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the  mesopterygoid,  which  articulates  in 
a  shallow  facet  on  the  ventral  palatine 
surface.  The  posterior  palatine  ramus  ex- 
tends posteriorly  about  one-quarter  the 
anterior  length  of  the  ectopterygoid;  the 
ramus  tapers  to  a  blunt  point  near  the 
ventral  border  of  the  ectopterygoid.  The 
ventrolateral  border  of  the  palatine  bears 
a  row  of  small  recui^ved  teeth;  the  ante- 
rior teeth  are  larger  than  those  more  pos- 
terior. 

The  mesopterygoids  are  paired  bones 
which  form  the  largest  part  of  the  dorsal 
wall  of  the  palatine  arch  (Fig.  4).  The  dor- 
sal two-thirds  of  the  bone  forms  a  con- 
cave "cup"  which  fonns  the  medial  wall 
of  the  orbit.  The  anterodorsal  border  of 
the  bone  is  more  or  less  straight  or  slight- 
ly convex  anteriorly.  The  anterior  ventral 
border  is  slightly  concave  at  the  articu- 
lation point  with  the  palatine  in  the  re- 
gion of  its  condyle.  The  joint  with  the 
palatine  is  syndesmotic.  The  anterior 
border  of  the  mesopterygoid  lies  ventro- 
medial to  the  palatine  condyle;  in  some 
specimens  there  is  an  anterior  extension 
of  the  mesopterygoid  which  articulates  in 
a  facet  on  the  ventral  surface  of  the  pal- 
atine condyle.  The  ventral  border  of  the 
mesopterygoid  tightly  articulates  with 
the  ectopterygoid,  as  described  above; 
the  ventral  border  of  the  mesopterygoid 
lies  lateral  to  the  border  of  the  ectopter- 
ygoid. The  posterior  border  of  the  meso- 
pterygoid is  concave  dorsally,  and  near 
its  midpoint  there  is  a  posterior  extension 
which  extends  under  the  medial  surface 
of  the  metapterygoid;  ventral  to  this  ex- 
tension, the  posterior  border  may  be 
slightly  concave  or  slightly  convex;  the 
posterior  mesopterygoid  border  is  tightly 
articulated  with  the  anterior  of  the  met- 
apterygoid. At  the  medialmost  part  of  the 
mesopterygoid,  ventral  to  the  orbit,  is  a 
patch  of  numerous  small  teeth. 

The  metapterygoid  bones  are  paired 
and  form  the  posterodorsal  wall  of  the 
palatine  arch  (Fig.  4).  The  anteroventral 
border  is  broadly  convex,  articulating 
synchondrally  with  the  quadrate  postero- 


ventrally  and  the  ectopterygoid  antero- 
ventrally,  and  syndesmotically  with  the 
ectopterygoid  anteriorly.  There  is  a  small 
anterodorsal  ramus  of  the  metapterygoid 
that  extends  somewhat  lateral  to  the  main 
vertical  axis  of  the  bone;  this  ramus  is 
continuous  with  a  bony  flange  that  ex- 
tends somewhat  medially  as  the  dorsal 
and  posterior  borders  of  the  mesoptery- 
goid bone.  At  about  the  midpoint  of  the 
dorsal  border  there  is  a  large  dorsolat- 
erally-projecting  flange  that  reaches  an 
apex  as  the  posterodorsalmost  point  of 
the  bone.  The  flange  is  continuous  along 
the  posterior  border  of  the  bone  to  its 
posteroventral  apex.  The  medial  flange 
articulates  synchondrally  with  the  an- 
teromedial  surface  of  the  ventral  body  of 
the  hyomandibula;  the  lateral  flange  ar- 
ticulates with  or  lies  lateral  to  the  lateral 
border  of  the  ventral  body  of  the  hyo- 
mandibula. In  D.  taenia  the  dorsal  bor- 
der of  the  metapterygoid,  represented  by 
the  medial  flange,  lies  near  or  articulates 
synchondrally  with  the  anterodorsal 
flange  of  the  hyomandibula  and  is  more 
or  less  straight  or  slightly  convex  poste- 
riorly; there  is  a  rather  marked  angle  at 
the  junction  of  the  dorsal  and  posterior 
borders.  In  D.  maderensis,  the  metapter- 
ygoid dorsal  border  lies  ventral  to  the 
hyomandibular  flange,  and  the  dorsal 
border  is  convex  and  continuous  with  the 
posterior  metapterygoid  border. 

The  hyomandibulae  are  paired  bones 
which  serve  to  brace  the  palatine  arch  to 
the  neurocranium  posteriorly,  and  which 
also  articulate  with  much  of  the  opercular 
series  (Fig.  4).  The  hyomandibula  is 
broadest  in  the  anteroposterior  plane 
near  its  dorsal  border.  The  main  body  of 
the  bone,  which  is  endochondral,  be- 
comes abruptly  narrower  ventrally,  fonn- 
ing  a  single  elongate  ventral  ramus  which 
extends  to  a  point  near  the  ventral  border 
of  the  metapter\'goid  bone.  There  is  a 
large  anterior  bony  flange  on  the  hyo- 
mandibula for  about  half  its  length;  for  a 
description  of  the  flange  shape  and  rela- 
tionships with  the  metapterygoid,  see  the 
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Figure  9.     Hyoid  arch,  ventral  portion,  of  D.  taenia  (USNM  206614;  171.0  mm  SL). 


description  of  that  bone,  above.  On  the 
posterior  border  of  the  hyomandibula 
there  is  a  laterally-projecting  bony  flange 
which  extends  from  near  the  dorsal  bor- 
der of  the  bone  to  near  the  ventral  border 
at  the  apex  of  the  elongate  ventral  ramus. 
At  about  one-third  the  distance  from  the 
dorsal  border  along  the  hyomandibula 
there  is  a  large  posteroventrally  directed 
cartilage-tipped  condyle  for  the  diarthro- 
dial  articulation  of  the  opercle.  Small 
bony  flanges  extend  from  the  dorsal  and 
ventral  borders  of  the  condyle  to  the  pos- 
teromedial hyomandibular  border. 

A  small  photophore  lies  in  the  integu- 
ment near  the  ventrolateral  surface  of  the 
articular  condyle.  The  dorsal  border  of 
the  hyomandibula  articulates  in  a  diar- 
throdial  joint  with  the  neurocranium  in 
the  hyomandibular  fossa  on  the  ventral 
surfaces  of  the  sphenotic  and  pterotic 
bones.  The  anterior  border  of  the  hyo- 
mandibula articulates  with  the  metapter- 
ygoid  as  described  above  under  the  latter 
bone.  The  ventral  border  articulates  diar- 
throdially  with  the  symplectic,  the  inter- 
hyal,  and  the  posterodorsal  border  of  the 
quadrate;  in  some  specimens  there  may 
be  a  small  diarthrodial  articulation  with 
the  metapterygoid.  The  posterior  hyo- 
mandibular border  articulates   svndes- 


motically  along  most  of  its  border  with 
the  anterior  border  of  the  preopercle. 

The  symplectic  is  a  slender  bone 
which  articulates  syndesmotically  tightly 
against  the  posteromedial  surface  of  the 
quadrate  (Fig.  4).  The  bone  is  shaped  like 
an  elongate  cone,  with  its  small  apex  ven- 
trally,  and  with  its  somewhat  expanded 
dorsal  border  capped  by  a  large  bulbous 
cartilage  body.  The  dorsal  cartilage  artic- 
ulates anteriorly  with  the  quadrate  and 
metapterygoid,  dorsally  with  the  hyo- 
mandibular, and  posteriorly  with  the  in- 
terhyal. 

Ventral  Portion  of  the  Hyoid  Arch 

The  interhyal  is  a  rod-shaped  bone 
which  connects  the  ventral  portion  of  the 
hyoid  arch  to  the  suspensorium  (Figs.  4, 
9).  Dorsally  there  is  a  dome-shaped  car- 
tilage which  articulates  diarthrodially 
with  the  symplectic  and  hyomandibula. 
Ventrally  the  interhyal  has  a  wide,  carti- 
lage-lined facet  which  articulates  diar- 
throdially with  the  posterior  ceratohyal 
bone. 

The  posterior  ceratohyal  forms  about 
20-25%  of  the  length  of  the  hyoid  bar 
(Fig.  9).  It  is  thin  in  cross  section.  In  lat- 
eral view,  the  dorsal  border  is  concave 
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posteriorly  and  straight  anteriorly.  The  large  specimens  the  cartilaginous  area  is 

posterior  border  is  composed  primarily  of  so  small  that  there  is  a  tight  synchondral 

the  articular  facet  for  the  interhyal  and  joint  between  the  bones).  The  posterior 

consists  of  a  deep  cartilage-lined  dorsal  border  of  the  ventral  hypohyal  is  straight 

concavity;  ventral  to  the  articular  surface  or  slightly  concave;  the  ventral  border  is 

the  border  is  deeply  convex  and  is  con-  slightly  concave;  the  anterior  border  is 

tinuous  with  the  long  convex  ventral  bor-  more  or  less  straight.  In  the  medial  sur- 

der.  The  anterior  border  is  also  broadly  faces  of  both  hypohyals  is  a  continuous 

convex   and   diarthrodially   articulates  deep  concavit\    which  lies   in  a  dorso- 

with  the  anterior  ceratohyal.  Four  bran-  ventral  plane;  this  concavity  is  the  artic- 

chiostegal  rays  attach  to  the  posterior  cer-  ulation  point  for  the  basibranchial  of  the 

atohyal;  the  posterior  three  articulate  on  first  gill  arch.  One  branchiostegal  articu- 

the  ventrolateral  surface  of  the  bone,  the  lates  with  the  posteromedial  surface  of 

anterior  ray  on  the  medial  surface  ver>'  the  ventral  hypohyal  in  D.  maderensis, 

near  the  anterior  ossified  border  of  the  two  in  D.  taenia. 
bone.  The    basihyal   articulates   with   the 

The  anterior  ceratohyal  is  an  elongate  anterodorsal  and  anterior  borders  of  the 
bone,  also  thin  in  cross  section,  which  basibranchial  of  the  first  gill  arch,  medial 
makes  up  the  bulk  of  the  hyoid  bar  (Fig.  to  the  dorsal  and  ventral  hypohyals  (Fig. 
9).  In  lateral  view,  its  dorsal  border  is  10).  Anteriorly  the  basihyal  consists  of  a 
more  or  less  straight  or  slightly  convex;  large  rounded  dome  of  cartilage  with  a 
the  posterior  border  is  slightly  convex  dorsal  perichondral  ossification.  The  os- 
and  articulates  synchondrally  with  the  sification  extends  posteriorly  along  the 
posterior  ceratohyal;  the  anterior  border  dorsal  surface  of  the  basibranchial  and  is 
is  also  slightly  convex,  and  there  is  a  somewhat  wider  laterally  than  the  ante- 
large  cartilage  extension  beyond  the  os-  rior  ossified  portion.  There  is  a  small 
sification  which  articulates  diarthrodially  tooth  patch  of  small  recurved  teeth  on  the 
with  the  dorsal  and  ventral  hypohyals;  dorsal  surface  of  the  posterior  bony  por- 
the  ventral  border  is  slightly  concave,  tion  of  the  basihyal.  Basihyal  morphology 
Eight  branchiostegal  rays  articulate  with  in  Diplophos  was  illustrated  by  Weitz- 
the  ventromedial  surface  of  the  anterior  man  (1974,  Fig.  75B). 
ceratohyal  in  D.  maderensis,  nine  in  D.  The  urohyal  is  a  single  elongate  me- 
taenia.  dian  bone  which  lies  ventral  to  the  gill 

The  dorsal  and  ventral  hypohyals  are  arches.  The  anterior  portion  of  the  uro- 
ossifications  of  a  single  cartilage  block  hyal  is  a  well-developed  condylar  area 
which  lies  anterior  to  the  anterior  cera-  which  forms  the  anterodorsal  apex  of  the 
tohyal  (Figs.  9,  10).  The  dorsal  hypohyal  bone.  In  large  specimens  this  area  is 
is  slightly  concave  dorsally;  anterodor-  joined  to  the  rest  of  the  urohyal  by  a  slen- 
sally,  there  is  an  articular  facet  for  the  der  "neck."  Anterodorsally  on  this  con- 
basihyal  and  for  a  ligament  to  the  first  gill  dylar  portion  there  are  short  bilateral 
arch;  the  anterior  border  of  the  bone  ven-  rami  which  serve  as  attachment  sites  for 
tral  to  the  articular  fiicet  is  straight.  The  ligaments  extending  to  the  anterior  bor- 
ventral  border  is  more  or  less  straight,  ders  of  the  ventral  hypohyals;  anteroven- 
becoming  convex  posteriorly;  this  con-  trally,  there  is  an  attachment  site  for  a  lig- 
vexity  is  continuous  with  the  slightly  anient  extending  to  the  anteroventral 
convex  posterior  border  of  the  bone.  Ven-  border  of  the  ventral  hypohyal.  Posterior 
tral  to  the  ventral  border  of  the  dorsal  hy-  to  the  articular  condyles,  the  dorsal  uro- 
pohyal  is  a  cartilaginous  area;  ventral  to  hyal  border  is  veiy  broadly  convex.  In 
that  area  is  the  straight  or  slightly  convex  large  specimens  the  dorsal  border  is  rep- 
dorsal  border  of  the  ventral  hypohyal  (in  resented  by  a  median   flange  of  bone 
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which  extends  beyond  the  more  heavily 
ossified  body  of  the  bone.  In  smaller 
specimens,  the  anterior  border  extends 
ventralK  from  the  articular  condylar  area 
as  a  more  or  less  straight  line  which  then 
becomes  convex  and  continuous  with  the 
broadly  convex,  slightly  irregular,  ventral 
border;  in  larger  specimens  the  anterior 
border  is  convex  and  continuous  with  the 
ventral  border.  The  ventral  border  meets 
the  dorsal  border  at  the  dorsoposterior 
apex  of  the  bone.  The  urohyal  is,  for  most 
of  its  area,  a  very  thin  plate  of  bone;  both 
the  anterior  and  dorsal  urohyal  borders 
are  more  heavily  ossified  than  the  rest  of 
the  urohyal  except  for  the  anterodorsal 
condylar  area. 

Opercular  Bones 

The  preopercle  is  the  anterior  bone  in 
the  series  (Figs.  4,  8).  In  D.  maderensis 
examined,  the  main  body  of  the  preoper- 
cle is  an  enclosed  bony  sensory  canal 
which  has  a  more  or  less  dorsoventral 
main  axis;  ventrally,  this  bone  angles  an- 
teroventrally.  The  anterior  preopercular 
border  is  more  or  less  straight  dorsally; 
in  the  region  of  the  posteroventral  border 
of  the  metapter>'goid,  the  preopercular 
border  is  composed  of  a  bony  flange 
which  curves  slightly  concavely  and  ar- 
ticulates syndesmotically  against  the  pos- 
terior border  of  the  quadrate.  Extending 
from  the  posterior  border  of  the  enclosed 
canal  are  two  flanges,  one  posterior  and 
one  posterolateral;  both  flanges  have 
their  dorsal  borders  near  the  posteroven- 
tral border  of  the  dorsal  opening  of  the 
canal.  Dorsally,  the  posterior  flange  is 
more  or  less  straight  or  slightly  concave; 
ventrally,  the  border  is  broadly  convex. 
The  posterolateral  flange  is  smaller  than 
the  posterior  flange  and  is  slightly  convex 
dorsally  and  broadly  convex  ventrally. 
The  preopercular  canal  has  its  ventral 
opening  at  about  the  midpoint  of  the 
broadly  convex  area  of  the  posterolateral 
flange. 

The  preopercle  in  D.  taenia  specimens 


examined  (all  of  which  are  larger  than  the 
D.  maderensis  examined)  has  no  fully 
enclosed  bon>-  canal.  The  posterior  and 
posterolateral  flanges  extend  as  in  D. 
maderensis  but  are  not  interconnected  by 
a  posterior  bony  wall.  There  may  be  a 
small  connection  between  the  two  flanges 
at  about  the  mid-length  of  the  preopercle 
(see  Fig.  8). 

In  all  specimens  examined,  the  poste- 
rior borders  of  infraorbitals  3  and  4  artic- 
ulate lateral  to  the  posterolateral  pre- 
opercular flange.  The  posteromedial 
border  of  the  posterior  flange  articulates 
tightly  against  the  opercle. 

The  opercle  is  the  largest  bone  in  the 
opercular  series  (Figs.  4,  8).  The  bone  has 
a  slightly  convex  dorsal  border.  The  an- 
terior border  is  somewhat  concave  dorsal 
to  the  articulation  with  the  hyomandib- 
ula,  and  somewhat  convex  ventral  to  that 
point.  The  articular  facet  lies  at  a  distance 
from  the  dorsal  border  of  about  20-25% 
of  the  dorsoventral  length  of  the  bone. 
On  the  medial  opercular  surface,  a  ridge 
of  bone  extends  posteroventrally  from 
the  articular  surface;  a  second  ridge  fol- 
lows the  anterior  border  of  the  opercle. 
On  the  lateral  surface  of  the  opercle  there 
is  a  small  bony  flange  extending  laterally, 
just  posterior  to  the  anterior  border  of  the 
bone;  this  flange  articulates  against  the 
posterior  border  of  the  preopercle.  The 
ventral  opercular  border  is  slightly  con- 
vex or  more  or  less  straight.  The  posterior 
opercular  border  is  slightly  convex  dor- 
sally and  ventrally,  with  a  concave  area 
between  the  convexities. 

The  subopercle  lies  ventral  and  medial 
to  the  opercle  (Figs.  4,  8).  The  bone  is 
somewhat  rectangular  in  shape,  and 
about  equal  in  anteroposterior  length  to 
the  opercle.  The  anterodorsal  corner  is  a 
small  area  of  reinforced  bone;  from  that 
area,  the  anterior  border  is  somewhat 
S-shaped,  concave  dorsally  and  convex 
ventrally.  The  ventral  border  is  more  or 
less  straight  anteriorly,  broadly  convex 
posteriorly  and  continuous  with  the  pos- 
terior border.  The  dorsal  border  is  some- 
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Figure  10.     Branchial  apparatus  of  D.  taenia  (USNM  206614;  171.0  mm  SL),  dorsal  view;  portions  of  right  side  removed; 
left  side  spread  laterally.  Tooth  plates  in  black. 


what  concave  anteriorly  and  straight  pos- 
teriorly. About  20%  of  the  dorsal  area  of 
the  subopercle  lies  medial  to  the  opercle. 
The  anterior  border  lies  medial  to  and 
articulates  with  the  interopercle. 

The  interopercle  is  an  irregularly- 
shaped  bone  which  lies  anterior  and  an- 
teroventral  to  the  subopercle  (Figs.  4,  8). 
Ventrally,  the  anterior  border  is  slightly 
concave,  with  an  indentation  in  the  area 
near  the  interhyal  bone;  dorsally,  the  an- 
terior border  is  convex.  The  posterior 
border  is  convex  along  its  articulation 
with  the  subopercle  and  then  broadly 
convex  to  the  anteroventral  apex  of  the 
bone.  The  interopercle  articulates  by 
connective  tissue  to  the  medial  surface  of 
the  preopercle  (see  Fig.  4). 


Branchial  Apparatus 

The  infrapharyngobranchial  of  the  first 
arch  is  a  rod-shaped  bone  which  is  rela- 
tively thin  in  cross  section  dorsally,  and 
larger  and  almost  triangular  in  cross  sec- 
tion ventrally.  It  articulates  dorsally  with 
the  prootic,  near  the  midpoint  of  that 
bone  (Fig.  4),  and  ventrally  diarthrodially 
with  the  anterolateral  border  of  the  epi- 
branchial of  the  first  arch  (Figs.  10,  11). 
There  are  no  tooth  plates  associated  with 
infrapharyngobranchial  1.  The  bone  lies, 
in  lateral  view,  in  a  more  or  less  dorso- 
ventral  plane  and  suspends  the  gill  ap- 
paratus from  the  neurocranium. 

Infrapharyngobranchial  2  is  a  bone 
nearly  twice  the  length  of  infrapharyn- 
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Figure  11.     Dorsal  portion  of  branchial  apparatus  of  D.  taenia  (USNM  206614;  171.0  mm  SL).  Tooth  plates  in  black. 


gobranchial  1  (Figs.  10,  11).  It  consists  of 
a  long  slender,  anteriorly  projecting  ra- 
mus, cartilage-capped,  which  reaches  a 
point  equal  to  the  anterior  extent  of  epi- 
branchial 1  and  articulates  diarthrodially 
with  that  bone.  Posterior  to  the  elongate 
anterior  ramus  is  a  vertical  ramus  which 
fonns  an  uncinate  process;  it,  too,  is  car- 
tilage-capped, and  it  articulates  with  a 
concavity  in  the  anterodorsal  surface  of 
epibranchial  1.  Posteriorly,  infrapharyn- 
gobranchial 2  is  broader  and  articulates 
diarthrodially  with  epibranchial  2.  There 
is  an  elongate  tooth  patch  along  the  pos- 
terolateral border  of  the  second  infra- 
pharyngobranchial. The  in  vivo  align- 
ment of  the  bone  is  anteromedial  to 
posterolateral.  There  is  a  slender  bony 
flange,  convex  from  dorsal  aspect,  which 
extends  along  the  medial  border  of  the 
bone  from  the  anterior  portion  of  the  an- 
terior ramus  to  the  posteromedial  border 
of  the  bone  near  its  articulation  with  the 
epibranchial. 

Infrapharyngobranchial  3  is  somewhat 
longer  than  infrapharyngobranchial  2  and 
lies  posterior  and  medial  to  that  bone 


(Figs.  10,  11).  There  is  an  elongate  ante- 
rior ramus  whose  ossification  border  is 
near  the  level  of  the  dorsal  uncinate  pro- 
cess of  infrapharyngobranchial  2  and 
which  extends,  as  cartilage,  to  articulate 
near  the  anteromedial  border  of  infra- 
pharyngobranchial 2.  At  about  the  mid- 
length  of  the  bone,  there  is  a  large  con- 
cave articular  facet  laterally,  in  which  the 
epibranchial  of  the  second  arch  tightly 
articulates  diarthrodially.  Posterior  to 
that  point,  the  bone  becomes  much  wid- 
er, carrying  on  its  ventrolateral  surface  a 
large  bony  tooth  plate  with  numerous 
Type  3  teeth  (Fink,  1981).  The  tooth 
plate  is  fused  to  the  infrapharyngobran- 
chial and  extends  posterolaterally  some- 
what beyond  the  border  of  the  infrapha- 
ryngobranchial proper.  The  teeth  are 
fairly  large,  much  larger  than  those  on  the 
small  tooth  plate  associated  with  infra- 
pharyngobranchial 2.  The  posterior  bor- 
der of  infrapharyngobranchial  3  is  more 
or  less  straight  or  slightly  convex  and  ar- 
ticulates diarthrodially  with  infrapharyn- 
gobranchial 4  for  most  of  its  width  and 
laterally  with  the  dorsal  extension  of  the 
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epibranchial   from  the  third  gill   arch,  large,   complex  cartilaginous   surface 

There  is  a  wide  bony  flange  extending  which   articulates   anteriorly   with   infra- 

from  near  the  anterior  ossification  border  pharyngobranchial  2  and  medially  with 

of  the  anterior  ramus,  medially  to  near  infrapharyngobranchial   3.   There   is   a 

the  posteromedial  border  of  the  infra-  small  dorsal  flange  of  bone  anteriorly, 

pharyngobranchial.  Posteriorly,  the  bone  articulates  with  cer- 

Infrapharyngobranchial  4  is  an  almost  atobranchial  2.  There  are  two  or  three  gill 
cube-shaped  cartilaginous  body  which  rakers  on  the  anterior  border  and  elon- 
diarthrodially  articulates  anteriorly  with  gate  tooth  plates  between  them, 
infrapharyngobranchial  3  and  posteriorly  Epibranchial  3  is  much  less  broad  an- 
with  the  epibranchial  of  the  fourth  arch  teriorly  than  epibranchial  2;  there  is  a 
(Figs.  10,  11).  There  is  a  large  toothplate  medially-curved  anterior  process  which 
tightly  bound  to  the  ventral  surface  of  in-  articulates  diarthrodially  between  infra- 
frapharyngobranchial  4;  part  of  the  ossi-  pharyngobranchials  3  and  4  (Figs.  10,  11). 
fication  of  this  toothplate  overlaps  the  lat-  About  midway  along  the  length  of  the 
eral  border  of  the  cartilage  and  extends  bone  there  is  a  dorsally-directed  process, 
onto  its  dorsal  surface;  otherwise,  the  cartilage-capped,  and  a  flange  of  bone 
dorsal  surface  of  the  infrapharyngobran-  ventral  to  that.  Posteriorly,  the  epibran- 
chial is  unossified.  The  toothplate  ex-  chial  articulates  diarthrodially  with  cer- 
tends  posterolaterally  somewhat  beyond  atobranchial  3.  Epibranchial  3  has  a 
the  cartilage  border.  The  teeth  are  Type  toothplate  medially,  and  about  five  or  six 
3.  smaller  toothplates  along  its  medial  bor- 

The  epibranchial  of  the  first  arch  is  an  der. 

elongate  bone  (Figs.  10,  11).  Anteriorly,  Epibranchial  4   is   quite   large,   very 

it  has  an  anterior-extending  ramus,  more  broad  anteriorly,  articulating  diarthrodi- 

or  less  round  in  cross  section,  which  ar-  ally  across   a  broad  cartilaginous  joint 

ticulates  with  infrapharyngobranchial  1,  with  infrapharyngobranchial  4  (Figs.  10, 

as  described  above.  Somewhat  posterior  11).  On  the  dorsal  surface  of  the  bone,  at 

to  that  region,  there  is  an  expanded  dor-  about  its  mid-length,  there  is  a  very  large 

sal  condyle,  capped  with  cartilage,  fol-  cartilage-tipped  articular  condyle,  and 

lowed  posteriorly  by  a  bony  flange  with  posterior  to  that  a  large  thin  flange  of 

a  concave  border.  Anterior  to  the  condyle  bone  that  extends  almost  to  the  ventral 

is  a  deep  concavity  which  extends  for-  border  of  the  bone,  where  the  bone  artic- 

ward  to  the  base  of  the  anterior  extension  ulates  with  ceratobranchial  4.  There  is  a 

of  the  anterior  ramus.  The  dorsal  unci-  large,  well-developed  tooth  plate  on  the 

nate  process  of  infrapharyngobranchial  2  ventral  surface  of  epibranchial  4,  at  about 

articulates  in  this  concavity.  Posteriorly,  its    mid-length,    and    ventral    to    that 

epibranchial   1  articulates  diarthrodially  another,  smaller  toothplate  in  the  skin; 

with  ceratobranchial  1.  Along  the  ante-  lateral  to  that  toothplate  is  another,  much 

rior  border  of  epibranchial  1  lie  several  smaller. 

small  bony  tooth  plates   (with  Type    1  The  ceratobranchials  are  all  much  alike 

teeth)  that  extend  from  the  skin  of  the  and  will  be  described  only  briefly.  The 

roof  of  the  mouth  down  onto  the  skin  over  ceratobranchials  fonn  the  major  portion 

the  bone.  There  are  three,  anteriorly  pro-  of  the  ventral  part  of  the  gill  apparatus, 

jecting,  toothed  gill  rakers;  in  each  space  articulating  dorsally  with  the  epibranchi- 

between  the  rakers  lies  an  elongate,  bony  als  and  articulating  ventrally  with  the  hy- 

tooth  plate  with  numerous  small  teeth.  pobranchials  (Fig.  10),  excepting  those  of 

Epibranchial  2  is  quite  broad  anterior-  the  fourth  and  fifth  arches,  which  will  be 

ly,  in  a  dorsoventral  plane  (Figs.  10,  11).  described  below.  On  the  dorsal  border  of 

The  anterior  region  of  the  bone  is  a  ver\  the  ceratobranchial  ol  the  first  arch  there 
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are  seven  toothed  gill  rakers,  with  small 
bony  toothplates  lying  between  theni; 
there  are  one  or  two  gill  rakers  which  ar- 
ticulate in  the  area  where  the  epibran- 
chial  and  the  ceratobranchial  are  joined. 
The  second  ceratobranchial  carries  five 
gill  rakers,  with  a  sixth  lying  in  the  area 
of  articulation  between  the  epibranchial 
and  the  ceratobranchial.  Ceratobranchial 
3  bears  five  gill  rakers,  also  with  bony 
tooth  plates  between  them;  another  gill 
raker  lies  in  the  area  of  the  epibranchial- 
ceratobranchial  articulation.  Ceratobran- 
chial 4  bears  numerous  tooth  plates  on  its 
anterior  border,  but  no  gill  rakers.  The 
fifth  ceratobranchial  bears  numerous 
toothplates  on  its  anterior  border  and 
small  conical  teeth  on  its  dorsoposterior 
border;  these  teeth  extend  more  anterior- 
ly on  the  anterior  portion  of  the  bone. 

The  hypobranchial  of  the  first  arch  is 
a  relatively  large  bone  that  has  a  medi- 
ally-directed anterior  ramus  which  diar- 
throdially  articulates  in  the  area  of  artic- 
ulation between  the  first  and  second 
basibranchials  (Fig.  10).  Posteriorly,  it 
articulates  diarthrodially  with  the  cera- 
tobranchial. Lateral  to  the  medially-di- 
rected ramus  of  the  hypobranchial  there 
is  a  large  articulation  surface  for  a  liga- 
ment (see  below).  The  bone  bears  Kvo 
well-developed  toothed  gill  rakers  and 
two  or  three  tooth  patches  on  its  dorsal 
border.  There  are  also  two  or  three  elon- 
gate tooth  patches  on  the  connective  tis- 
sue covering  the  ligament  which  extends 
from  the  anterodorsal  border  of  the  hy- 
pobranchial to  the  anteromedial  surface 
of  the  dorsal  hypohyal.  There  are  three 
or  four  small  tooth  plates  on  the  ventro- 
medial surface  of  the  bone. 

Hypobranchial  2  is  shorter  than  hypo- 
branchial 1.  It  also  has  a  medially-direct- 
ed ramus  which  has  a  large  concave  sur- 
face which  diarthrodially  articulates  in 
the  area  of  articulation  between  the  first 
and  second  basibranchials  (Fig.  10).  An- 
terolaterally,  there  is  a  large  articulation 
surface  for  a  ligament  (see  below).  The 
dorsal  border  of  the  hypobranchial  bears 


two  large  gill  rakers  and  two  toothplates. 
There  is  also  a  series  of  approximately 
eight  or  nine  toothplates  that  are  attached 
to  the  connective  tissue  that  overlies  the 
ligament  which  extends  between  the  ar- 
ticular point  on  the  anterolateral  surface 
of  the  hypobranchial  and  the  postero- 
medial surface  of  hypobranchial  1.  There 
are  two  or  three  tooth  patches  on  the  pos- 
teroventral  surface  of  the  bone. 

Hypobranchial  3  is  tightly  bound  to  the 
third  basibranchial  (Fig.  10).  Anteriorly, 
the  bone  extends  along  the  ventrolateral 
surface  of  the  basibranchial  and  has  a 
slender  ossified  ramus  which  continues 
as  a  cartilage  body  to  attach  to  the  pos- 
teromedial surface  of  hypobranchial  2; 
these  bilateral  rami  nearly  meet  at  the 
ventral  midline  and  fonn  a  broad  peri- 
chondral ossification  laterally  over  basi- 
branchial 3.  More  posteriorly  hypobran- 
chial 3  is  tightly  bound  diarthrodially  to 
the  lateral  and  dorsal  surfaces  of  basi- 
branchial 3.  The  posterior  border  of 
hypobranchial  3  is  deeply  concave  and 
articulates  diarthrodially  with  the  cera- 
tobranchial of  the  third  gill  arch  poste- 
riorly and  with  basibranchial  4  medially. 

As  mentioned  above,  ceratobranchials 
4  and  5  articulate  directly  with  basi- 
branchial 4. 

The  basibranchials  are  median,  un- 
paired bones  which  are  entirely  toothless 
(although  toothplates  lie  in  connective 
tissues  adjacent  to  basibranchials  2  and 
3)  (Fig.  10).  The  cartilage  cores  of  basi- 
branchials 1  and  2  apparently  are  contin- 
uous, forming  a  synchondrosis.  The  peri- 
chondral ossification  of  basibranchial  1  is 
more  or  less  oval  in  cross  section.  The 
bone  is  elongate  in  an  anteroposterior 
plane,  with  a  broad  suriace  anteriorly 
where  the  hypohyal  articulates  diarthro- 
dially. The  ventral  borders  of  the  ossifi- 
cations do  not  meet,  and  cartilage  is  vis- 
ible along  the  entire  ventral  border  of  the 
basibranchial.  In  the  area  between  the 
ossifications  of  basibranchials  1  and  2 
there  are  bilateral  deep  concavities  in  the 
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cartilage  where  the  first  hypobranchials 
articulate. 

Basibranchial  2  is  a  perichondral  ossi- 
fication that  surrounds  the  cartilage  core 
(Fig.  10).  The  ventral  bony  border  is 
more  or  less  flat  in  a  horizontal  plane, 
with  bilateral  bony  flanges  extending 
from  it.  Dorsally,  the  ossification  extends 
anteriorly  to  overlie  the  ossification  of  the 
posterodorsal  surface  of  basibranchial  1; 
posteriorly,  the  bone  extends  over  the 
ossification  of  basibranchial  3. 

Basibranchial  3  is  an  elongate  cartilage 
with  perichondral  ossification  (Fig.  10). 
Ventrally,  laterally,  and  posteriorly  there 
are  hypobranchial  ossifications  articulat- 
ing with  the  basibranchial  cartilage.  Dor- 
sally,  there  is  an  elongate  perichondral 
ossification  on  the  surface  of  the  carti- 
lage; anteriorly,  this  is  overlain  by  bone 
from  basibranchial  2.  The  cartilage  of  ba- 
sibranchial 3  is  not  continuous  with  that 
of  basibranchial  1  and  2,  but  articulates 
with  it  diarthrodially.  Anterolaterally,  ba- 
sibranchial 3  articulates  diarthrodially 
with  the  hypobranchials  of  the  second 
arch. 

Basibranchial  4  is  a  cartilaginous  body 
articulating  diarthrodially  with  basi- 
branchial 3  anteriorly,  with  the  cerato- 
branchial  of  the  third  arch  anterolateral- 
ly, with  the  ceratobranchials  of  the  fourth 
arch  laterally,  and  with  the  ceratobran- 
chial  of  the  fifth  arch  posteriorly  (Fig.  10). 

Retractor  Dorsalis  Muscle 

The  retractor  dorsalis  is  a  large,  bilat- 
erally paired,  unsubdivided  muscle  with 
its  origin  on  the  ventral  surfaces  of  the 
seventh  to  ninth  vertebrae  posterior  to 
the  neurocranium  and  its  insertion  on  the 
posteromedial  surface  of  the  fourth  infra- 
pharyngobranchial.  See  Winterbottom 
(1974:  256)  for  a  discussion  of  the  no- 
menclature of  this  muscle. 

Ligaments  of  the  Suspensorium 

In  Diplopho.s  the  interpremaxillan.  lig- 
ament is  short  and  very  thick,  lying  far 
dorsally  on  the  short  premaxillary  artic- 


ular process  in  a  pronounced  concavity 
on  the  medial  premaxillary  surface  (Fig. 
12A).  The  interpremaxillary  ligament  is 
unpaired,  but  all  other  ligaments  de- 
scribed below  are  bilaterally  paired.  The 
premaxillary-rostrodermethmoid  liga- 
ment is  well  developed  and  extends  from 
the  anterior  border  of  the  rostrodemieth- 
moid,  just  lateral  to  the  midline,  primar- 
ily to  the  ventromedial  surface  of  the  con- 
tralateral premaxillary  bone;  some  of  the 
fibers  extend  to  the  ventromedial  surface 
of  the  ipsilateral  premaxilla  (Fig.  12B). 
The  anterior  premaxillary-maxillary  liga- 
ment extends  from  the  ventral  border  of 
the  maxilla  to  the  posterior  surface  of  the 
premaxilla  on  the  articular  process,  lat- 
eral to  the  attachment  site  of  the  inter- 
premaxillary ligament  (Fig.  13).  The  pos- 
terior premaxillary-maxillary  ligament 
extends  from  the  dorsolateral  surface  of 
the  maxilla,  where  that  bone  extends 
ventral  to  the  premaxilla,  to  just  ventral 
to  the  dorsal  border  of  the  premaxilla,  at 
about  the  level  of  the  second  premaxil- 
lary fang  (Fig.  14). 

A  premaxillary-rostral  cartilage  liga- 
ment extends  from  the  posteroventral 
surface  of  the  rostral  cartilage  to  the  pos- 
terior surface  of  the  premaxillary  bone 
near  the  attachment  site  of  the  anterior 
premaxillary-maxillar>'  ligament  (Fig.  13). 
The  anterior  palatomaxillary  ligament  ex- 
tends as  a  short  broad  sheath  from  the 
anterolateral  border  of  the  cartilaginous 
palatine  head  to  the  dorsal  surface  of  the 
maxilla  near  its  anterolateral  border,  at 
about  the  dorsal  midline  of  the  bone.  The 
medial  palatomaxillarv'  ligament  extends 
from  the  anterolateral  surface  of  the  pal- 
atine teeth  to  the  medial  surface  of  the 
maxillary  bone  (Figs.  13,  14).  The  poste- 
rior palatomaxillarv-  ligament  extends  an- 
terolaterally from  a  point  on  the  palatine 
bone  posterolateral  to  the  attachment  site 
of  the  anterior  palatomaxillary  ligament 
(at  about  the  level  of  the  third  to  sixth 
palatine  teeth)  to  the  dorsolateral  surface 
of  the  maxillary  bone. 

The  antorbital-maxillary  ligament  ex- 
tends anteroventrally  from  the  postero- 
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Figure  12.     Anterior  ligaments  of  suspensorium  of  D.  taenia  (USNf^/l  206908;  184.3  mm  SL),  dorsal  view.  A.  Interpre- 
maxillary  ligament  in  place.  B.  Interpremaxillary  ligament  removed. 


ventral  border  of  the  antorbital  to  the 
maxilla,  attaching  just  anterior  to  the  an- 
terior palatomaxillary  ligament  (Fig.  14). 
The  palatovomer  ligament  is  broad, 
consisting  of  two  primary  bodies,  one  of 
which  extends  from  a  ventral  prominence 
at  the  base  of  the  anterior  palatine  tooth 
to  the  posterolateral  border  of  the  vomer; 
the  second  body  extends  between  the 
posterolateral  border  of  the  vomer  and 
the  ventromedial  edge  of  the  palatine 
bone  between  the  anterior  palatine  tooth 
and  the  anterior  bony  border  of  the  pal- 
atine bone  (Fig.  13).  Both  bodies  of  the 
palatovomer  ligament  are  more  or  less 
continuous  with  one  another.  A  well-de- 
veloped palatine-lateral  ethmoid  (poste- 
rior surface)  ligament  extends  from  the 
dorsal  surface  of  the  palatine  bone,  at 
about  the  level  of  the  medial  palatomax- 


illary ligament,  to  the  posterior  surface  of 
the  ethmoid  bone  (Fig.  14). 

Adductor  Mandibulae  Muscles 

In  Diplophos  the  adductor  mandibulae 
muscle  is  subdivided  (Fig.  15A,  B).  The 
major,  mostly  lateral,  division  (A2 ,  A3)  is 
a  large,  fan-shaped  muscle  with  its  origin 
on  the  ventrolateral  surface  of  the  hyo- 
mandibula  and  the  anterolateral  face  of 
the  preopercle;  the  muscle  inserts,  large- 
ly via  a  tendon,  on  the  medial  face  of  the 
anguloarticular  near  the  posterodorsal 
border  of  the  coronoid  process.  A  few  fi- 
bers have  their  origin  medial  to  the 
smaller  adductor  division  described  im- 
mediately below;  some  anterior  fibers  in- 
sert on  the  primordial  ligament  (see  be- 
low and  Fig.  15B).  The  smaller,  medial, 
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Figure  13.     Ligaments  of  the  suspensorium  of  D.  taenia  (USNM  206908;  184.3  mm  SL),  ventral  view;  maxilla  and  pre- 
maxilla spread  slightly  laterally;  teeth  of  those  bones  not  depicted. 


division  of  the  adductor  consists  of  two 
sections,  one  dorsal  and  one  ventral,  each 
with  origins  on  the  posterolateral  surface 
of  the  hyomandibula,  quadrate,  and  met- 
apterygoid  (Fig.  15B).  The  dorsal  section 
also  has  its  origin  in  a  raphe  with  the  le- 
vator arcus  palatini;  it  inserts  on  the  dor- 
sal border  of  the  maxilla,  just  anterior  to 
the  mid-length  of  that  bone;  in  small 
specimens  there  may  be  a  fascia  from  the 
main  muscle  body  to  the  insertion  on  the 
anterior  supramaxilla  and  maxilla.  The 
ventral  section  inserts  on  the  primordial 
ligament.  The  dorsal  attachment  of  the 
primordial  ligament  is  on  the  lateral  sur- 
face of  the  maxilla,  anterior  to  the  inser- 
tion of  the  dorsal  section.  The  ventral  in- 
sertion is  on  the  lateral  surface  of  the 
anguloarticular  near  its  articulation  with 
the  (iiiadrate.  There  is  a  tendon  closely 
uniting  the  posterior  supramaxilla  to  the 
primordial  ligament.  The  fibers  of  the 
ventral  section  ventrally  merge  with 
those  of  the  lateral  division. 

The  fibers  of  the  medial  adductor  mus- 
cles are  virtually  indistinguishable  proxi- 
mally,  forming  a  continuous  fan  of  mus- 


cle, and  in  our  specimens  they  can  be 
identified  only  by  their  insertions. 

The  intramandibular  division  (Aoj)  (not 
illustrated)  of  the  adductor  mandibulae 
has  its  origin  on  the  anterior  border  of  the 
tendon  of  the  lateral  division  of  the  ad- 
ductor and  its  insertion  along  the  medial 
surface  of  the  anguloarticular  and  dentary 
bones. 

POSTCRANIAL  AXIAL  SKELETON 

All  counts  except  when  otherwise  des- 
ignated are  from  D.  taenia,  USNM 
206614.  Counts  for  D.  madcrcnsis,  USNM 
186364,  are  given  in  parentheses. 

The  anterior  element  of  the  postcranial 
axial  skeleton  is  the  accessor>'  neural  arch 
(Fig.  5).  Dorsally  each  arch  element  is 
unfused  to  its  counterpart  of  the  contra- 
lateral side.  The  joint  between  the  arches 
is  strongly  bound  by  fibrous  connective 
tissue  and  the  dorsomedial  apposing  sur- 
face of  each  arch  faced  by  cartilage.  The 
entire  arch  encloses  the  dorsolateral  sur- 
face of  the  spinal  cord  as  it  exits  the  cra- 
nium.  The   anterior  and   anteroventral 
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Figure  14.     Ligaments  of  the  suspensorium  of  D.  taenia  (USNM  206908;  184.3  mm  SL),  lateral  view;  antorbita!  bone 
partially  removed;  teeth  not  depicted. 


borders  of  each  arch  element  are  bound 
by  a  sheet  of  strong  fibrous  connective 
tissue  to  the  posterior  arch-like  face  of 
the  exoccipitals.  This  connective  tissue 
sheet  encloses  the  dorsal  and  lateral  por- 
tions of  the  spinal  canal  and  its  contents. 
Ventrally,  strong  fibers  of  connective  tis- 
sue bind  each  arch  to  the  thick  fibrous 
connective  tissue  between  the  anterior 
(first)  vertebra  and  the  exoccipital.  Pos- 
teriorly, the  border  of  the  entire  arch  is 
joined  by  a  sheet  of  connective  tissue  to 
the  neural  arch  of  the  first  vertebra.  Suc- 
cessive neural  arches  are  connected  to 
each  other  in  a  similar  manner. 

There  are  87  (63)  vertebrae.  Mukhach- 
eva  (1978)  summarizes  vertebral  counts 
for  Diplophos  species.  The  first  vertebra 
consists  of  an  amphicoelous  disc-shaped 
centrum  associated  with  autogenous  dor- 
solaterally-articulated  neural  arches  and 
ventrally-articulated  parapophyses.  These 
structures  are  finnly  bound  by  fibrous 
connective  tissue  to  the  relatively  deep 
fossae  which  they  fill.  The  neural  arch  of 
each  side  dorsally  meets  its  counteri^art 
in  the  same  manner  as  the  accessory 
neural    arch.   The    neural    arches    are 


anteroposteriorly  broad  along  their  dorsal 
border.  The  posterior  border  of  the  neu- 
ral arch  is  fused  with  a  short  neural  spine 
which  is  unfused  to  the  spine  of  the  con- 
tralateral side.  Well  ventrally  on  the  pos- 
terior area  of  the  neural  arch  at  the  an- 
terior base  of  the  neural  spine  is  a  slender 
epineural,  which  extends  laterally  and 
posterodorsally  into  the  myocommata  for 
the  length  of  three  to  three  and  a  half  cen- 
tra. 

The  parapophysis  of  the  first  vertebra 
bears  a  spinous  process  extending  some- 
what ventrally  and  posterolaterally.  This 
process  is  continuous  with  Baudelot's  lig- 
ament described  below  with  the  pectoral 
girdle.  The  postzygapophysis  is  located 
on  the  body  of  the  centrum  just  posterior 
to  the  base  of  the  neural  arch.  The  first 
vertebra  is  separated  from  the  exoccipi- 
tals and  the  centrum-like  posterior  facet 
of  the  basioccipital  by  a  narrow  space. 
The  anterior  border  of  the  centrum  is  at- 
tached to  the  posterior  exoccipital  and 
basioccipital  facets  by  thick  fibrous  con- 
nective tissue.  The  bodies  of  the  first  and 
second  centra  are  closely  approximated 
and  their  borders  are  bound  together  by 
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Figure  15.     Adductor  mandibulae  muscles  of  D.  taenia  (MCZ  55469;  1 17.0  mm  SL).  A.  Lateral  division  present.  B.  Lateral 
division  removed  to  show  underlying  muscle. 


strong  fibrous  connective  tissues,  as  are 
those  of  all  the  successive  centra. 

The  second  vertebra  is  much  the  same 
as  the  first,  but  anteriorly  the  basal  por- 
tion of  its  neural  arch  bears  a  prezyg- 
apophysis  which  has  a  medial  face  artic- 
ulating with  a  posterolateral  face  of  the 
postzygapophysis  of  the  first  vertebra. 

The  neural  arches  and  spines  of  the 
second  through  the  fourth  vertebrae  are 
similar  in  shape  and  articular  relation- 


ships to  those  of  the  first  vertebra.  The 
fifth  (third)  and  successive  vertebrae 
gradualK  diminish  the  broad  dorsal  bor- 
der of  the  arches  until  by  the  eighth 
(sixth)  vertebra  these  arches  taper  to  their 
respective  spines.  The  spines  remain  un- 
fused  until  the  39th  (30th)  vertebra  is 
reached.  The  spine  of  this  vertebra  in- 
serts between  the  last  two  pterygio- 
phores  of  the  dorsal  fin  of  D.  taenia,  but 
in  D.  maderensis  it  inserts  between  the 
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eighth  and  ninth  pterygiophores.  The 
second  radial  rod  of  the  anterior  dorsal 
fin  pter\giophore  passes  between  the 
32nd  (23rd)  and  33rd  (24th)  vertebral 
spines.  The  last  neural  arch  to  directly 
bear  an  epineural  is  number  36  (29).  Two 
(six)  neural  arches  posterior  to  this  bear 
short  epineurals  attached  by  moderately 
long  ligaments.  The  last  vertebra  with  a 
neural  arch  not  fused  to  the  centrum  bodv 
is  number  35  (29).  The  36th  (30th)  ver- 
tebra has  the  neural  arch  entirely  fused 
to  the  body  of  the  centrum,  as  do  the  re- 
maining centra,  except  the  arches  of  the 
ural  centra  (see  description  of  the  caudal 
complex  below). 

The  pattern  of  articulation  between  the 
dorsal  post-  and  prezygapophyses  de- 
scribed above  for  the  first  and  second  ver- 
tebrae is  continued  posteriorly  through 
the  entire  vertebral  column.  However, 
only  the  first  four  or  five  (six  or  seven) 
vertebrae  have  the  zygapophyses  over- 
lapping. In  the  more  posterior  vertebrae 
these  processes  approach  each  other  with 
their  respective  anterior  and  posterior 
ends  nearly  abutting  and  bound  to  each 
other  by  fibrous  connective  tissue. 

Parapophyses  of  the  first  through  the 
34th  (27th)  vertebrae  are  not  fused  to  the 
centra.  The  35th  vertebra  is  the  only 
vertebra  to  bear  a  fused  parapophysis. 
There  is  no  fused  parapophysis  in  the  D. 
maderensis  examined. 

The  parapophysis  of  the  second  verte- 
bra bears  a  short  ventrolateral  process 
which  has  fibrous  ligaments  extending 
into  the  associated  ventral  myocommata. 
The  parapophysis  of  the  fourth  vertebra 
is  the  first  to  bear  a  pleural  rib.  This  is 
attached  to  a  short  process  of  the  par- 
apophysis by  fibrous  connective  tissue. 
The  last  parapophysis  to  bear  a  pleural 
rib  is  that  of  vertebra  35  (28).  This  ver- 
tebra marks  the  termination  of  the  ab- 
dominal vertebrae. 

The  36th  (29th)  vertebra  bears  a  hemal 
arch  and  spine  with  the  spines  of  each 
side  ventrally  fused,  marking  the  begin- 
ning of  the  caudal  vertebrae.  The  rib  of 


the  22nd  (15th)  vertebra  is  the  first  to 
bear  an  ossified  epipleural  and  the  rib  of 
the  42nd  (35th)  vertebra  is  the  last  to  bear 
such  a  structure.  The  tip  of  the  he- 
mal spine  of  the  38th  (3()th)  vertebra  lies 
just  dorsal  to  the  first  anal-fin  pterygio- 
phore.  Ventral  zygapophyses  are  absent 
or  nearly  absent  on  vertebrae  dorsal  to 
the  abdominal  cavity.  Abruptly  posterior 
to  or  just  dorsal  to  the  posterior  area  of 
this  cavity,  narrow,  small  ridges  of  bone 
are  located  ventrolaterally  on  the  anterior 
and  posterior  parts  of  the  body  of  the  cen- 
tra. These  ridges  progressively  enlarge 
posteriorly  until  near  the  mid-region  of 
the  caudal  vertebrae  they  form  small  pre- 
and  postzygopophyses  that  nearly  abut 
each  other.  These  processes  are  joined  b\ 
rather  weak  fibrous  connective  tissue. 

There  are  16  (USNM  206614)  or  17 
(USNM  206908)  supraneurals  in  D.  tae- 
nia and  13  (USNM  180364)  supraneurals 
in  D.  maderensis.  The  anterior  supra- 
neural  in  both  species  is  an  elongate, 
somewhat  compressed  rod  of  cartilage 
surrounded  by  a  thin  tube  of  bone  except 
for  its  proximal  and  distal  ends.  This  su- 
praneural  narrows  near  its  mid-length, 
but  anteriorly  in  this  area  has  a  thin 
blade-like  ridge  of  bone.  The  proximal 
end  of  the  anterior  supraneural  articu- 
lates with  the  anterior  dorsal  portion  of 
the  neural  arch  of  the  first  vertebra.  The 
distal  end  of  the  supraneural  lies  just  be- 
neath the  skin  at  the  midline  of  the  back. 

The  remaining  supraneurals  in  both 
species  are  small,  slender  cartilaginous 
rods  surrounded  by  thin  bone  and  lie  be- 
tween the  neural  spines  of  vertebrae  2 
through  17  in  D.  taenia,  USNM  206614. 

Caudal  Skeleton 

The  caudal  skeletons  of  Diplophos 
maderensis  (Fig.  16)  and  D.  taenia  are 
essentially  the  same  except  that  D.  ma- 
derensis has  about  10-13  procurrent  dor- 
sal-fin rays,  D.  taenia  about  5-6.  Only  the 
caudal  skeleton  of  D.  maderensis  is  de- 
scribed below. 
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Figure  16.     Caudal  skeleton  of  D.  maderensis  (USNM  186282;  111.5  mm  SL).  lateral  view. 


A  compound  centrum  consisting  of  the 
first  preural  and  first  ural  centra  pos- 
teroventrally  supports  the  autogenous 
parhypural  and  first  and  second  hypurals. 
Hypurals  three  through  six  are  autoge- 
nous and  separate  from  each  other  and  lie 
posterior  to  the  second  ural  centrum. 
There  is  an  opisthural  cartilage  posterior 
to  the  sixth  hypural,  between  the  poste- 
rior dorsal  procurrent  fin  ray  and  the  dor- 
sal principal  caudal-fin  ray.  The  neural 
spine  of  the  first  preural  vertebra  and  the 
first  uroneural  are  autogenous,  separate 
from  the  fused  preural  and  ural  centra 
below  and  the  second  ural  centrum  pos- 
teriorly. A  splint-like  second  uroneural 
lies  posterior  to  the  first  uroneural.  There 
are  three  epurals  dorsal  to  the  first  uro- 
neural. The  bases  of  the  neural  and  hem- 
al arches  of  the  second  preural  centrum 
are  autogenous,  not  fused  to  the  centra  as 


they  are  in  the  more  anterior  caudal  ver- 
tebrae. A  urodennal  and  third  uroneural 
are  absent. 

The  five  temiinal  caudal  vertebrae  sup- 
port the  caudal-fin  rays  but  only  the  neur- 
al spines  of  the  third  through  the  fifth  pre- 
ural centra  direcdy  support  dorsal  procurrent 
rays.  The  ventral  procurrent  rays  are  pri- 
marily supported  by  cartilaginous  radials 
associated  with  hemal  spines  borne  by 
the  second  through  the  fourth  preural 
centra.  Large  cartilaginous  radials  are 
found  between  the  distal  tips  of  the  hem- 
al spines  that  occur  posterior  to  the  ter- 
mination of  the  base  of  the  anal  fin.  There 
are  10  plus  9  principal  caudal-fin  rays. 

Vertical  Fins 

In  DiplopJio.s  taenia  and  D.  maderen- 
sis, the  basic  osteological  unit  of  the  ver- 
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Figure  17.     Anal  fin  skeleton  of  D.  maderensis  (USNM  186282;  111.5  mnn  SL).  A.  Anterior  fin  base.  B.  Posterior  fin  base. 


tical  fins  is  the  pterygiophore  series  (Fig. 
17A,  B).  Most  of  the  fin  base  consists  of 
pterygiophores  with  three  sections:  a 
proximal  pterygiophore  ossification,  a 
medial  pterygiophore  ossification  (both 
these  ossifications  over  a  single  cartilage 
core),  and  a  cartilaginous  distal  pteryg- 
iophore with  bilateral  perichondral  ossi- 
fication centers  lying  between  the  fin  ray 
halves.  The  proximal  pterygiophore  is 
perichondrally  ossified  proximally  and 
endochondrally  ossified  near  its  distal 
termination.  The  anterior  and  posterior 
portions  of  the  fins  have  some  modifica- 
tions, as  follows. 

In  the  anal  fin,  the  anterior  two  proxi- 
mal pterygiophores  are  elongate  rods 
which  are  fused  together  distally  at  their 
cartilaginous  tips.  The  distal  portion  of 
the  anterior  rod  of  this  pterygiophore  is 
expanded  bilaterally.  The  first  and  sec- 
ond fin  rays  articulate  ventral  to  the  distal 
cartilage;  the  second  fin  ray  articulates 
with  the  anterior  of  the  first  (anterior)  dis- 
tal pterygiophore.  Fin  ray  three  lies  ven- 
tral to  the  third  pterygiophore  series  and 


also  articulates  with  the  anterior  cartila- 
ginous distal  pterygiophore.  The  fourth 
pterygiophore  series  consists  of  a  proxi- 
mal pterygiophore  and  a  block-like  me- 
dial pterygiophore;  the  fifth  pterygio- 
phore series  has  a  more  elongate  medial 
pterygiophore,  as  do  posteriorly  succes- 
sive pterygiophore  series.  The  distal  car- 
tilage of  the  posterior  pterygiophore  is 
expanded  posterodorsally  and  has  small 
bilateral  ossification  centers;  the  poste- 
rior two  fin  rays  share  a  single  distal  pte- 
rygiophore which  articulates  with  the 
expanded  medial  cartilaginous  pterygio- 
phore. 

In  the  dorsal  fin  of  D.  taenia,  the  an- 
terior pterygiophore  series  is  a  tripartite 
structure  that  appears  to  be  the  fusion  of 
two  or  three  proximal  pterygiophore  ele- 
ments. This  compound  structure  is  com- 
posed of  an  anterodorsally  extended 
bony  flange  that  in  some  specimens  is 
rod-like  dorsally,  and  two  anteroventrally 
projecting  rods,  interconnected  by  a  thin 
bony  flange.  Distally  the  anterior  pteryg- 
iophore series  is  capped  by  a  block  of  car- 
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tilage.  A  cartilaginous  distal  pterygio- 
phore  lies  posterodorsal  to  the  anterior 
proximal  pter\'giophore  complex;  the  dis- 
tal pterygiophore  has  bilateral  ossifica- 
tion centers  along  its  posterolateral  sur- 
faces. The  first  (anterior)  and  second  fin 
rays  articulate  with  the  anterior  distal 
pterygiophore.  The  distal  cartilaginous 
cap  of  proximal  pter>giophores  two  and 
three  are  more  elongate  than  that  of  the 
first  proximal  pterygiophore;  the  poste- 
rior cartilaginous  extension  of  proximal 
pterygiophore  four  has  a  medial  pteryg- 
iophore ossification,  as  do  posteriorK- 
successive  pterygiophore  series,  except 
for  the  posterior  three  to  five. 

Data  on  numbers  of  rays  composing  the 
vertical  fins  of  Diplophos  species  are 
available  in  Johnson  (1970)  and  Mu- 
khacheva(1978). 

Pectoral  Girdle 

There  are  two  extrascapulars,  both  con- 
sisting of  tube  bones  and  very  little  sur- 
face plate  (Figs.  3,  4,  7,  8).  The  medial 
extrascapular  is  a  short  to  moderately 
long  open-tubed  bone  with  its  long  axis 
nearly  parallel  with  the  posterior  border 
of  the  parietal.  A  larger  L-shaped  lateral 
extrascapular  has  a  long  horizontal  ramus 
and  a  short  dorsomedial  ramus  which 
connects  with  the  medial  extrascapular. 
The  lateral  extrascapular  is  mostly  an 
open  tube,  but  in  large  adults  it  is  closed 
superficially  at  the  anteroventral  junction 
of  its  two  rami  (Fig.  8).  The  sensory  tube 
within  the  extrascapulars  connects  ante- 
riorly with  that  of  the  pterotic  and  pos- 
teriorly with  that  of  the  posttemporal. 
Dorsally  it  exits  from  the  medial  extra- 
scapular and  extends  a  short  distance  in 
a  groove  on  the  external  surface  of  the 
parietal.  The  extrascapulars  of  D.  madc- 
rensis  are  almost  exactly  the  same  as 
those  of  D.  taenia. 

The  posttemporal  is  well  ossified  and 
has  blade-like  anterodorsal  and  antero- 
ventral principal  rami  (Fig.  4).  The  large 
dorsal   ramus   is   articulated   bv   a   short 


strong  ligament  to  the  posterodorsal  pro- 
cess of  the  epioccipital.  The  narrower 
and  shorter  anteroventral  ramus  is  at- 
tached by  a  strong  ligament  to  the  central 
knob-like  process  of  the  intercalar.  A 
third,  short  posteroventral  ramus  is 
broadly  attached  to  the  dorsolateral  sur- 
face of  the  supracleithrum  by  a  short 
ligament.  The  posttemporal  contains  a 
laterosensory  canal  extending  postero- 
ventrally  from  the  posterior,  long  ramus 
of  the  lateral  extrascapular  through 
the  posteroventral  ramus  of  the  posttem- 
poral. This  canal  is  ventrally  continuous 
with  the  laterosensorv'  canal  of  the  supra- 
cleithrum. 

The  supracleithrum  is  an  elongate,  fair- 
ly slender  blade-like  bone  with  the  lat- 
eral face  dorsally  attached  by  a  short 
strong  ligament  to  the  ventromedial  artic- 
ular surface  of  the  posttemporal.  The  dor- 
sal ramus  of  the  cleithrum  articulates 
with  the  medial  surface  of  the  supra- 
cleithrum. This  articulation  is  extensive, 
including  approximately  the  ventral  half 
of  the  supracleithrmn.  The  dorsal  apex  of 
the  cleithrum  lies  immediately  internal 
to  the  central  portion  of  the  posterior  bor- 
der of  the  supracleithrum.  The  supra- 
cleithrum bears  a  laterosensory  canal 
along  its  posterior  border  for  about  one- 
third  of  its  total  length.  Ventral  to  this  ca- 
nal, the  entire  posterior  border  of  the  su- 
pracleithrum continues  as  a  groove,  part 
of  which  bears  a  laterosensory  canal.  The 
laterosensory  canal  of  the  supracleithrum 
of  D.  maderensis  is  very  similar  to  that  of 
D.  taenia. 

The  cleithrum  is  a  large,  complex  bone 
which  may  be  considered  in  three  parts: 
a  dorsal  ramus,  a  bod\'  or  central  portion, 
and  a  ventral  ramus.  The  dorsal  ramus 
ends  in  a  conical  slender  process  at- 
tached as  described  above  to  the  medial 
face  of  the  supracleithrmn.  VentralK  the 
cleithrum  widens  anteroposteriorly  to 
become  a  broad  blade  with  a  rugose  or 
pitted  lateral  surface,  especially  anterior- 
ly. The  ventral  portion  of  this  blade 
abruptK  turns  anteriorh'  to  become  part 
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Figure  18.     Pectoral  girdle  of  D.  taenia  (USNM  206614;  171.0  mm  SL),  dorsomedial  view 


of  the  body  of  the  cleithrum  which  artic- 
ulates with  the  pectoral  girdle  bones 
bearing  the  radials  and  fin  rays  (Fig.  18). 
A  cross  section  near  the  mid-length  of  the 
blade-like  portion  of  the  dorsal  ramus  of 
the  cleithrum  is  rounded  anteriorly  and 
abruptly  narrower  posteriorly.  The  pos- 
terior blade-like  portion  tapers  to  a  thin 
edge  posteriorly.  The  lateral  wing  of  the 
cleithrum  extends  from  the  blade-like 
dorsal  ramus  of  the  cleithrum,  continues 
as  the  lateral  blade-like  portion  of  the 
body  of  the  cleithrum  and  extends  for- 
ward as  the  main  part  of  the  anterior 
blade-like  part  of  the  cleithrum  (Fig.  18). 
The  body  of  the  cleithrum  bears  a  mod- 
erate sized  medial  wing  which  extends  to 
contact  the  coracoid  and  scapula  (Fig. 
18).  The  anterior  ramus  of  the  cleithrum 
is  a  broad  dorsoventrally  placed  sheet  of 
bone  which  is  anteriorly  attached  by  lig- 
aments to  the  cleithrum  of  the  contralat- 
eral side  and  to  the  anterior  coracoid  ra- 
mus. 

In  some  stomiiforms  the  major  liga- 
ments of  the  pectoral  girdle  become 
much  modified,  and  for  that  reason  par- 


ticular attention  is  paid  to  them  here.  The 
ligaments  of  the  posttemporal-cranial  and 
the  posttemporal-supracleithrum  articu- 
lations were  described  above.  The  liga- 
ments described  below  are  numbered  for 
ease  of  future  reference.  The  supracleith- 
rum  and  cleithrum  are  bound  by  a  broad, 
very  short  ligament  (1)  which  extends 
from  the  ventromedial  surface  of  the  su- 
pracleithrum  to  the  dorsolateral  surface 
of  the  cleithrum.  This  joint  lies  somewhat 
ventral  to  the  region  of  the  cleithrum 
where  it  narrows  into  a  conical  process. 

Baudelot's  ligament,  ligament  2,  ex- 
tends posteriorly  from  the  anterior  ver- 
tebral centrum,  passes  medial  to  and 
wraps  around  the  dorsal  process  of  the 
cleithrum  without  attaching  to  it,  and 
connects  to  the  medial  surface  of  the  su- 
pracleithrum.  This  ligament  is  anteriorly 
attached  to  a  ventrolateral  extension  of 
the  parapophysis  of  the  anterior  vertebral 
centrum.  This  bony  process  extends 
nearly  one-third  to  one-half  of  the  dis- 
tance from  the  centrum  to  the  distal  ter- 
mination of  the  ligament. 

The  cartilaginous  coracoscapular  plate 
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and  its  ossifications  in  Diplophos  are  typ- 
ical of  many  teleosts  (see  Starks,  1930) 
(Fig.  18).  The  cartilage  body  of  the  plate 
projects  from  the  medial  surface  of  the 
body  of  the  cleithrum  at  its  curvature. 
The  coracoid  bone,  the  anterior  portion 
of  the  cleithrum,  and  the  medial  wing  of 
the  cleithrum  surround  a  large  coracoid 
aperture.  The  term  coracoid  aperture  is 
used  for  this  space  because  previous 
names  for  it,  such  as  coracoid-cleithral  fo- 
ramen (Rendahl,  1933)  and  interosseus 
space  (Starks,  1930)  are  inadequate  to  de- 
scribe the  various  coracoid  morphologies 
found  in  the  stomiiforms.  The  coracoid 
cartilage  is  covered  by  well-ossified  bony 
lamellae  fonning  the  coracoid  bone.  The 
coracoid  is  an  L-shaped  bone  with  a  long 
anterior  ramus  meeting  the  cleithrum 
near  its  anteroventral  termination.  It  has 
a  broad  lateral  ramus  contacting  the  me- 
dial cleithral  wing.  The  anterior  ramus 
tenninates  in  cartilage.  The  coracoid  ar- 
ticulates posterolaterally  in  a  synchon- 
dral  joint  with  the  scapula.  A  short  dor- 
solateral ramus  is  continuous  with  the 
cartilaginous  base  of  the  mesocoracoid. 
Anteriorly  the  coracoid  and  mesocora- 
coid contact  each  other  in  this  area.  The 
posteromedial  ventral  spinous  process  of 
the  coracoid  is  short  and  blunt,  not  elon- 
gate as  described  for  Astronesthes  niger 
by  Weitzman  (1967b:  29).  Both  the  ante- 
rior ramus  and  the  short  spinous  process 
are  flattened  lateromedially. 

The  scapular  ossification  of  Diplophos 
is  composed  of  thin  layers  of  bone,  one 
dorsal  and  one  ventral,  which  sandwich 
the  posterolateral  area  of  the  coracoscap- 
ular  plate  (Fig.  18).  The  two  bony  layers 
meet  and  fonn  a  continuous  bony  surface 
along  the  posterior  scapular  border. 
There  is  an  articular  surface  along  the 
posterior  scapular  border  for  the  proximal 
articular  surface  of  the  first  pectoral-fin 
ra\  and  proximal  radial  I  (the  lateral  prox- 
imal radial,  described  below).  The  lateral 
portion  of  the  scapula  lateral  to  the  scap- 
ular foramen  extends  vertically,  and  it  ar- 
ticulates with  the  coracoid.  Medially  the 


scapula  extends  in  a  plane  that  dips  ven- 
trally  in  a  posteromedial  direction.  The 
scapula  medially  connects  to  the  coracoid 
through  a  synchondral  joint.  The  scapular 
foramen  is  entirely  enclosed  by  bone. 

The  fully  developed  mesocoracoid  of 
Diplophos  is  much  like  that  of  other  te- 
leosts as  described  by  Starks  (1930)  (Fig. 
18).  The  mesocoracoid  is  a  tube  of  thin 
bone  surrounding  a  rod  of  cartilage  that 
extends  from  the  coracoscapular  plate  at 
the  posterior  border  of  the  coracoid  and 
the  scapula  and  laterally  articulates  with 
the  medial  surface  of  the  cleithrum  near 
the  midpoint  of  the  central  curvature.  A 
ventrolateral  ramus  of  the  lateral  end  of 
the  mesocoracoid  extends  from  its  junc- 
tion with  the  cleithrum  as  a  sheet  of  bone 
over  the  medial  surface  of  the  cleithrum 
at  its  central  curvature. 

Herein,  proximal  radials  are  designat- 
ed by  Roman  numerals  (I-IV)  and  distal 
radials  by  Arabic  numerals  (1-10). 

Proximal  radial  I  is  the  most  lateral  of 
the  proximal  radials.  It  is  proximally  as- 
sociated with  the  scapula  and  coraco- 
scapular plate.  Radials  II,  III,  and  IV  are 
medially  placed  in  succession.  Radials  II 
and  III  are  in  association  proximally  with 
the  cartilaginous  coracoscapular  plate 
while  radial  IV  is  free  of  the  plate. 

Diplophos  taenia  has  radial  I  short  and 
with  well-ossified  bone  around  a  central 
cartilaginous  core  (Fig.  18).  There  is  ex- 
posed cartilage  anterolaterally  on  radial 

I  where  it  articulates  with  the  medial  bor- 
der of  the  scapula  and  to  a  lesser  extent 
with  the  cartilaginous  border  of  the  cor- 
acoscapular plate.  There  is  also  exposed 
cartilage  distally  on  radial  I  where  it  ar- 
ticulates with  distal  radials  2  and  3.  Me- 
dially, radial  I  articulates  with  radial  II. 
Distally,  radial  I  articulates  with  distal 
radial  2  and  partially  with  3.  Radials  II 
and  III  are  much  longer  than  radial  I, 
with  III  being  the  longest.  Both  radials 

II  and  III  have  their  proximal  and  distal 
ends  of  cartilage;  they  articulate  proxi- 
mally with  the  cartilage  of  the  coraco- 
scapular plate  and  distally  with  distal  ra- 
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Figure  19.     Pectoral  radials  and  fin  rays  of  D.  maderensis  (USNM  186282;  111.5  mm  SL),  dorsomedial  view. 


dials  3-4  and  5-6,  respectively.  Distally, 
radial  IV  articulates  with  distal  radials 
7-9;  proximally,  it  articulates  in  an  ap- 
parently immobile  joint  with  radial  III  as 
part  of  a  proximal  radial  plate  between 
the  coracoscapular  plate  and  the  distal 
radials  (this  morphology  is  also  present 
in  D.  rebainsi).  Radial  IV  has  a  flange  of 
thin,  plate-like  bone  arching  dorsomedi- 
ally. 

There  are  ten  distal  radials  and  ten  fin 
rays  in  D.  taenia  (Fig.  18).  The  anterior 
distal  radial  (1)  lies  between  the  base  of 
the  ray  halves  of  the  large  first  pectoral- 
fin  ray.  The  cartilage  of  this  radial  is  finn- 
ly  set  on  a  short  pedicel  of  bone  of  the 
dorsal  ray  half  and  articulates  medially 
with  distal  radial  2  as  well  as  with  prox- 
imal radial  I.  The  remaining  nine  distal 
radials  are  free  of  their  respective  fin  rays 
and  are  articulated  with  them  in  a  mov- 
able joint.  There  is  one  distal  radial  for 
each  fin  ray,  and,  except  for  radial  9,  each 
ray  has  its  dorsal  half  articulating  with 
the  dorsal  anterolateral  area  of  the  distal 
radial  and  its  ventral  ray  half  articulating 


with  the  ventral  posteromedial  area  of 
the  distal  radial.  Radial  9  lies  dorsome- 
dial to  radials  8  and  10,  which  articulate 
directK'  with  each  other.  (In  D.  rebai7isi 
distal  radial  8,  also  the  second  from  last, 
is  likewise  dorsomedial  to  its  adjacent  ra- 
dials.) 

The  proximal  and  distal  radials  of  D. 
maderensis  (Fig.  19)  differ  from  those  of 
D.  taenia.  Proximal  radials  III  and  IV 
have  separate  cartilage  cores,  as  in  those 
of  most  teleosts.  Proximal  radial  IV  has  a 
small  ventral  longitudinal  flange,  missing 
in  D.  taenia,  and  a  somewhat  smaller 
dorsal  longitudinal  flange  than  D.  taenia. 
The  relative  plesiomorphic  versus  apo- 
morphic  nature  of  these  flanges  has  not 
been  determined.  The  ten  distal  radials 
of  D.  maderensis  and  their  respective  fin 
ra\'s  are  arranged  as  in  D.  taenia  except 
that  distal  radial  9  is  in  series  with  the 
other  radials  and  bears  the  same  relation 
to  its  fin  ray  as  do  radials  2  through  8. 
The  articulation  of  proximal  radial  IV  is 
directly  with  distal  radials  6  through  8. 
Outgroup  comparison  indicates  that  the 
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condition  of  the  distal  radials  in  D.  ma-  cartilaginous  process,  against  which  ar- 

derensis  is  plesiomorphic  relative  to  that  ticulate  the  radials.  There  are  three  ra- 

of  D.  taenia.  dials.  The  anterior  two  lie  lateral  to  the 

lateral  cartilaginous  process,  and  the 
third,  posterior,  radial  lies  posterior  to 
Felvic  Girdle  ^.j^^  cartilaginous  process  and  lateral  to 
The  pelvic  girdle  of  Diplophos  (Fig.  the  posterior  plate.  Radial  1,  the  anterior 
20)  consists  of  two  pelvic  plates  which  of  the  three,  slightly  smaller  than  the  oth- 
are  small  relative  to  body  size  and  are  ers,  is  an  oval  cartilage  with  dorsal  and 
well  ossified.  Medially,  the  pelvic  plates  ventral  ossification  centers.  Radial  1  lies 
are  bound  closely  together  by  connective  between  the  ray  halves  of  the  first  and 
tissue  for  most  of  their  length,  but  they  second  rays.  Radial  2  is  similar  in  struc- 
touch  only  at  the  anterior  cartilaginous  ture  to  radial  1  and  is  associated  with  rays 
processes.  They  lie  at  an  angle  of  about  three  through  six.  Radial  3  is  a  hemi- 
45°  to  each  other,  with  the  apex  dorsal,  spherical  cartilage  anteriorly  and  is  ossi- 
The  anterior  cartilaginous  process  is  a  fied  posteriorly,  tapering  to  a  blunt,  short 
short  rounded  extension  of  cartilage  from  process.  This  radial  is  associated  with 
the  core  of  the  anterior  process  just  pos-  rays  seven  and  eight.  There  are  eight  fin 
terior.  The  anterior  process  is  a  long,  nar-  rays,  all  segmented  with  relatively  short 
row  bony  rod,  cartilage-filled,  which  is  segments.  Ray  one  is  shortest  and  un- 
slighdy  larger  distally  than  proximally.  branched.  The  remaining  rays  are 
The  medial  pelvic  plate,  a  thin  lamella  of  branched.  Rays  two  and  three  are  pro- 
bone,  extends  along  almost  the  entire  gessively  longer,  and  rays  four  through 
medial  border  of  the  anterior  process,  eight  progressively  shorter,  with  ray 
and  posteriorly  joins  the  anterior  border  eight  about  75%  of  the  longest  ray  (D. 
of  the  posterior  plate;  its  medial  border  taenia). 

is  slightly  concave.  A  small  lateral  ante-  The  identity  of  actinopterygian  pelvic 

rior  plate  extends  between  the  proximal  girdle  elements  has  been  discussed  by 

one-third  of  the  anterior  process  and  the  Stensio  (1921,    1925)  and  Rosen   et  al. 

lateral  process.  The  anterior  portion  of  (1981),  among  others.  Further  investiga- 

the  posterior  plate  consists   of  a  short,  tions  are  needed  to  establish  the  homol- 

medially   directed  bony  rod,   cartilage-  ogies  of  actinopterygian  and  non-acti- 

filled;  the  medial  surface  of  this  rod  is  nopterygian  girdle  elements,  especially 

unossified.  The  anterior  border  of  the  rod  those  of  the  pelvic  plate  proper  and  radial 

lies  at  an  angle  of  about  100-110°  to  the  3,  which   may  be  a  metapterygial  ele- 

longitudinal  axis  of  the  pelvic  plate.  Pos-  ment. 
terior  to  this  cartilage-filled  rod,  the  pos- 

terior  plate  consists  of  a  thin  rugose  la-  RELATIONSHIPS  OF  THE 

melanin   D^   f«.nt«     this   lamella  is  STOMIIFORMES 
endochondrally  ossified  to  the  posterior 

border  of  the  basipterygium;  in  D.  made-  At  various  times  in  the  past,   stomi- 

rensis,  a  narrow  cartilage  border  is  pres-  ifonns  have  been  considered  non-mono- 

ent  distally  on  this  lamella.  The  postero-  phyletic,  or  monophyletic  and  related 

medial  border  of  the  posterior  plate  is  either  to   various   primitive   teleostean 

deeply  convex.  The  posterior  border  of  groups   (protacanthopterygians,   isospon- 

the  posterior  plate  joins  the  lateral  pro-  dyls,   etc.)   or  to   more   derived  teleosts 

cess  anterolaterally.  The  endochondrally  (Eurypterygii  of  Rosen,   1973)  (Fig.  21). 

ossified  lateral  process  is  short  and  broad  Present  evidence  indicates  that  the  group 

and  forms  the  lateral  bony  border  of  the  is  monophyletic  and  corroborates  a  sister 

basipterygium;  lateral  to  it  is  the  lateral  group  relationship  with  the  Euryptervgii. 
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Figure  20.     Pelvic  fin  girdle  of  D.  maderensis  (USNM  186282;  111.5  mm  SL).  ventral  view;  ventral  fin  ray  halves  removed 
proximally  to  show  radials. 


MONOPHYLY  OF  THE  StOMIIFORMES 

The  morphological  diversity  of  species 
now  placed  in  the  Stomiifomies  has  his- 
torically presented  problems  to  system- 
atic ichthyologists.  The  morphological 
differences  between,  say,  Argijropelecus 
(see  Weitzman,  1974,  Figs.  11  and  12; 
Schultz,  1964,  Fig.  64)  and  Malacosteus 
(see  Morrow,  1964b,  Fig.  144)  confound- 
ed many  early  workers  and  led  them  to 
place  various  genera  with  groups  now  re- 
moved to  other  positions  in  our  hypoth- 
eses of  teleostean  phylogeny.  Most  di- 
agnoses of  the  group  have  included  the 
presence  of  photophores  and  a  combina- 
tion of  other  features  which  are  distrib- 
uted widely  among  primitive  teleosts 
(see  Regan,  1923;  Morrow,  1964a;  Weitz- 


man, 1967a;  and  our  discussion  concern- 
ing Greenwood  et  ah,  1966,  below).  So 
far  as  we  are  aware,  the  monophyly  of  the 
Stomiiformes  has  never  been  explicitly 
documented  by  characters  unique  to  the 
group.  The  Stomiifonnes  can  be  diag- 
nosed by  the  presence  of  the  following 
characters: 

1)  Photophores  with  a  structure  unlike 
that  of  other  teleosts.  Bassot  (1966,  1970) 
has  described  stomiiform  photophores 
histologically  and  found  that  they  are 
composed  primarily  of  two  cell  types, 
designated  by  him  as  A  and  B.  Type  A 
cells,  typified  in  part  by  the  well-devel- 
oped endoplasmic  reticulum,  apparently 
produce  the  luminescent  product  (see 
Herring  and  Morin,  1978).  More  recent 
works  on  the  histology  of  stomiiform  light 
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Figure  21.     Recent  concepts  of  phylogenetic  relationships  among  the  major  teleostean  lineages.  Hypothesis  of  eute- 
leostean  relationships  of  Rosen  (1973);  non-euteleostean  relationships  hypothesized  by  Patterson  and  Rosen  (1977). 


organs  include  l0rgensen  and  Munk 
(1979),  Hansen  (1970),  and  O'Day  (1973). 
Stomiiform  photophores  are  non-bacte- 
rial (Herring  and  Morin,  1978;  see  also 
Baguet  and  Marechal,  1976). 

According  to  Bassot  (1970),  stomiiiomi 
photophores  can  be  described  as  follows: 
The  walls  of  the  photophores  are  fonned 
of  flat  conjunctive  cells  filled  with  gua- 
nine platelets  and  covered  laterally  by  a 
pigmented  layer.  This  wall  thus  serves  as 
a  reflector.  A  gelatinous  body  appears  to 
serve  as  a  lens.  The  interior  of  the  pho- 
tophore  consists  of  two  cell  types,  A  cells, 
the  photocytes,  which  are  densely  packed 
and  fill  most  of  the  photophore,  and  B 
cells,  which  Bassot  describes  as  "glan- 
dular." Bassot  notes  that  the  properties  of 
the  photocytes  are  the  same  in  all  sto- 
miiforms  he  examined.  In  primitive  sto- 
miiforms  the  photocytes  are  arranged 
roughly  pei-pendicidar  to  the  center  of 
the  photophore,  where  there  is  a  lumen 
(opening  to  the  outside  in  the  most  prim- 
itive species);  this  is  Bassot's  T\'pe  Beta 


photophore.  In  more  specialized  species, 
the  lumen  is  not  present  and  the  photo- 
cytes are  arranged  either  perpendicular 
to  the  center  of  the  photocyte  region 
(Type  Gamma  photophore)  or  are  ar- 
ranged in  successive  rows  perpendicular 
to  the  main  axis  of  the  photophore  (Type 
Alpha  photophore).  Weitzman  (1974)  not- 
ed that  the  distribution  of  the  three  pho- 
tophore types  corresponds  well  to  his 
alignment  of  the  sternoptychids,  gono- 
stomatids,  and  photichthyids  and  noted 
that,  within  the  context  of  his  proposed 
phylogeny,  Bassot's  Type  Beta  photo- 
phore is  probably  primitive  for  stomi- 
iforms,  while  Types  Alpha  and  Gamma 
are  derived. 

Some  other  teleosts  have  photophores, 
but  none  have  photophores  with  mor- 
phology like  those  of  stomiiforms.  In  the 
context  of  current  hypotheses  of  teleos- 
tean phylogeny,  photophores  have 
evolved  independently  in  numerous  lin- 
eages. The  following  brief  survey  of  non- 
bacterial photophores  is  based  on  the  re- 
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view  by  Herring  and  Morin  (1978)  and  is 
intended  only  to  establish  that,  according 
to  oin-  knowledge  of  photophore  mor- 
phologN  ,  the  photophore  structnre  of  sto- 
miiforms is  unicjiie.  Much  work  remains 
to  be  done  on  photophore  moiphology  in 
teleosts. 

Among  primitive  teleosts,  organized 
photophores  are  present  in  a  single  en- 
graulid  {Coilia  dussinuieri;  Haneda, 
1961)  and  in  four  alepocephalid  genera, 
Xenodermichthys,  Photo  stylus,  Roii- 
Icina.  and  Microphotolepis  (Herring  and 
Morin,  1978).  Best  and  Bone  (1976)  have 
described  photophores  of  Xcnoderm- 
ichthys  and  Photostylus  and  found  them 
to  be  unlike  those  of  other  teleosts  (see 
their  Fig.  2).  A  single  species  oi  Rouleina 
has  small  flat  photophores  in  juvenile 
stages  (Markle,  1978);  these  are  appar- 
ently unlike  those  of  stomiiforms. 

Phylogenetically  more  advanced  te- 
leosts with  photophores  include  the  au- 
lopiform  scopelarchids  Benthalbalba  in- 
fans  and  Scope  rlarchoides  krcffti. 
Herring  and  Morin  (1978)  report  that  the 
photogenic  tissue  in  these  species  is  de- 
veloped from  ventral  muscle  tissues  and 
that  light  is  emitted  through  the  ventral 
musculature.  The  evidence  that  photo- 
phores in  these  species  are  very  different 
morphologically  from  those  of  stomi- 
ifonns,  combined  with  lack  of  evidence 
that  the  two  genera  are  more  closely  re- 
lated to  stomiiforms  than  to  other  scopel- 
archids, indicates  that  the  photophores 
are  independently  derived. 

Within  the  Myctophiformes,  photo- 
phores are  known  in  Neoscopelus  species 
and  in  all  myctophid  genera  and  species; 
species  in  the  two  other  neoscopelid  gen- 
era, Solivomer  and  Scopelengys,  lack 
photophores.  According  to  Herring  and 
Morin  (1978),  citing  Brauer  (1908)  and 
Kuwabara  (1954),  photophores  of  Neo- 
scopelus are  different  from  those  of  myc- 
tophids.  Examination  of  Brauer's  Plate  31 
shows  that  the  photophores  of  Neosco- 
pelus are  different  from  those  of  stomi- 
iform   photophores.   Myctophid  photo- 


phores are  likewise  distinct  (see  Fig.  9.11 
of  Herring  and  Morin,  1978)  and  different 
from  those  of  stomiifonns,  being  relative- 
1\  flattened  and  with  less  glandular  tis- 
sue. Edwards  and  Herring  (1977)  have 
described  photogenic  tissues  of  mycto- 
phids  as  being  composed  of  a  number  of 
flattened  lamellae  (see  their  Fig.  2). 

Non-bacterial  photophores  are  also  re- 
ported to  occur  in  the  paracanthopteryg- 
ian  PorichtJiys  and  the  percifonn  scae- 
nid  CoUichthys  (Herring  and  Morin, 
1978);  the  phylogenetic  remoteness  of 
these  genera  from  stomiiforms  precludes 
further  discussion. 

Luminous  tissues  which  are  not  orga- 
nized into  photophores  have  been  re- 
ported in  many  teleostean  groups,  in- 
cluding stomiifonns.  Structure  of  these 
tissues  at  the  cellular  level  is  unknown 
for  the  most  part,  and  the  systematic  sig- 
nificance of  their  structure  cannot  be 
evaluated  as  yet. 

2)  Type  3  mode  of  tooth  attachment.  As 
defined  by  Fink  (1981),  Type  3  mode  of 
tooth  attachment  has  the  following  char- 
acteristics: The  anterior  mineralized  bor- 
der of  the  tooth  is  either  close  to  the  at- 
tachment bone  at  the  tooth  base  and 
bound  to  it  by  collagen  or  ankylosed  to 
the  attachment  bone.  The  posterior  min- 
eralized border  is  further  from  the  attach- 
ment bone  than  the  anterior  border,  leav- 
ing a  larger  portion  of  the  posterior 
surface  of  the  tooth  collagenous;  this  flex- 
ible collagenous  area  is  bound  to  the  at- 
tachment bone.  The  tooth  is  hinged,  or 
depressible,  with  its  axis  of  rotation 
being  the  anterior  tooth  border. 

Adult  stomiifonns  may  have  one  or  two 
of  three  modes  of  tooth  attachment:  Type 
1  (fully  ankylosed  to  the  attachment 
bone).  Type  3  (described  above),  or  Type 
4  (like  Type  3  except  the  anterior  min- 
eralized border  is  free  from  the  attach- 
ment bone  and  the  axis  of  rotation  is  the 
collagenous  tissue  connecting  the  poste- 
rior tooth  border  with  the  attachment 
bone).  Type  1  attachment  mode  is  a  prim- 
itive feature  for  teleosts  (Fink,    1981). 
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Type  4  mode  is  found  in  juvenile  stages  phology  and  the  distribution  of  other 

of  primitive  stomiifomis,  in  the  adults  of  characters  (a  parsimony  consideration), 

some   (perhaps  paedomorphic)  derived  The  morphological  evidence  is  that  Aj 

species  (e.g.,   PoUichtlujs,  Vinciguerria,  lies  lateral  to  Ag  while  Ai/3  lies  medial  to 

Valenciennellus),  and   in   many  neote-  Ao.   Thus,  each  muscle  probably  arises 

leosts.   Both  Types  3  and  4  attachment  from  different  parts  of  the  undifferentiat- 

modes    are    apparently   the    result   of  ed  adductor  during  ontogeny.  The  distri- 

changes  in  the  primitive  teleostean  pat-  bution  of  other  characters  also  supports 

tern  of  tooth  ontogeny.  our  hypothesis.   An  Aj    is   present  in 

Type  3  attachment  mode  occurs   in  members  of  all  the  major  eurvpterygian 

adults  of  most  stomiifomis,  on  either  the  lineages  (aulopiforms,  myctophiforms, 

jaws,  the  branchial  apparatus,  or  both.  On  paracanthopterygians,  and  acanthopte- 

those  bones  where  Type  3  is  not  found,  rygians),  indicating  that  it  is  a  eurvpter- 

either  Types  1  or  4  are  present;  both  of  ygian  character.  The  distribution  of  Aj/S, 

those   modes  are   primitive   for  stomi-  however,  suggests  that  it  has  arisen  as  a 

iforms.  Type  3  mode  has  not  been  found  neomorphic  character  several  times:   in 

in  any  other  group  of  teleosts.  stomiiforms,  in  myctophids,  and  at  least 

3)  Presence  of  a  medial  division  of  the  once  in  acanthomorj^hs.  In  myctophids, 
adductor  mandibulae  muscle  which  is  for  example,  an  Aj/S  is  present  (Winter- 
subdivided  into  two  sections,  a  dorsal  bottom,  1974,  Fig.  4),  while  in  the  sister 
one  inserting  directly  onto  the  maxilla,  group  of  myctophids,  the  neoscopelids, 
and  a  ventral  one  inserting  onto  the  pri-  there  is  an  Aj  present  but  no  Ai/3  (Win- 
mordial  ligament  (Fig.  15A,  B).  Both  the  terbottom,  1974,  Fig.  3).  In  addition,  in 
dorsal  and  ventral  medial  adductor  sec-  the  sister  group  of  the  myctophiforms 
tions  were  labelled  Ai/3  by  Rosen  (1973;  plus  acanthomorphs,  the  aulopiforms, 
Figs.  26  o{  Astronesthes  and  23  oi  Man-  there  is  also  an  Aj  but  no  Aj^  (Rosen, 
rolicus,  respectively).  Both  these  sec-  1973,  Figs.  27-29).  The  simplest  expia- 
tions are  present  in  Diplophos.  Among  nation  of  this  distribution  is  that  the  com- 
many  more  specialized  stomiifonns,  one  mon  ancestor  of  the  eur>pterygians  had 
or  the  other  of  these  is  emphasized,  and  an  Aj  and  that  within  the  myctophoid  lin- 
the  other  is  reduced  or  lost.  In  a  few  mem-  cage  an  Ai/3  is  an  evolutionary  novelty, 
bers  of  the  group,  such  as  Gonostoma  Similar  reasoning  explains  the  presence 
and  Margrethia,  additional  sections  are  of  a  medial  adductor  muscle  in  stomi- 
present.  From  our  survey  of  adductor  iforms  and  acanthomorphs. 
muscles  within  the  stomiiforms,  it  ap-  Because  the  muscles  termed  Ai/3  in 
pears  that  these  muscles  will  be  useful  in  neotelosts  are  hypothesized  to  be  non- 
analysis  of  phylogenetic  relationships  homologous,  we  refer  to  this  muscle  in 
within  the  group.  stomiiforms   simply  as  the   medial  divi- 

Presence  of  a  muscle  inserting  on  the  sion  of  the  adductor  mandibulae.  For  fur- 
maxillary,  either  in  the  form  of  an  Aj  (a  ther  discussion  of  adductor  muscle  mor- 
dorsolateral  division  of  the  adductor  phology  and  nomenclature,  see  Winter- 
mandibulae)  or  an  A,^  (a  medial  division  bottom  (1974).  Lauder  (1980)  also  com- 
of  the  adductor  mandibulae)  was  deemed  ments  on  the  medial  adductor  muscle  in 
a  neoteleostean  character  by  Rosen  paracanthopterygians. 
(1973).  We  suggest,  however,  that  these  4)  A  premaxillary-rostrodermethmoid 
muscles  are  not  homologous  (at  least  in  ligament  extending  from  the  dorsolateral 
non-acanthoptcrg\ian  teleosts)  and  that  aspect  of  the  ethmoid  to  the  contralateral 
the  mechanism  of  maxillar\'  control  can-  premaxilla,  or  to  both  the  contralateral 
not  be  synapomorphic  for  neoteleosts.  and  ipsilateral  premaxillae  (Fig.  12A,  B). 
The  bases  for  our  hxpothesis  are  mor-  In  some  species,  such  as  those  of  Diplo- 
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phos,  the  ligament  from  each  side  inter-  of  the  second  epibranchial  which  articu- 

sects  and  passes  through  that  of  the  other  lates  with  both  the  second  and  third  phar- 

side.  Crossed  dorsal  ligaments  are  pres-  yngobranchials.   In  other  primitive  te- 

ent  in  primitive  members  of  the  two  ma-  leosts  the  proximal  termination  of  the 

jor  stomiiform  lineages  recognized  by  epibranchial   has   two  processes   which 

Weitzman  (1974).  Among  these  are  Neo-  form  separate  articulations  with  the  pha- 

nesthes,  Photichthys,   and   Pohjmetme  ryngobranchials.  This  character  was  not- 

(Weitzman,   1974,   Fig.  49)  of  the  Pho-  ed  by  Rosen  (1973:  441). 

tichthya,  and  in  the  Gonostomata,  Gon-  In   Diplophos  the  articulation  of  the 

ostoma,  Diplophos  (Fig.  12A,  B),  and  as  epibranchial  with  the  second  and  third 

figured  by  Weitzman  (1974),  Argyripmis  pharyngobranchials   is  extensive  (see 

(Fig.  59,  as  premaxillar\--proethmoid  lig-  Figs.  10,  11).  The  epibranchial  has  a  sin- 

ament),  Danaphos  (Fig.  57),  Maurolicus  gle  proximal  articular  surface  in  all  sto- 

(Fig.  55),  and  Vinciguerria  (Fig.  50).  In  miiforms   examined.   Rosen   (1973:   441) 

using  this  character  as  diagnostic  of  the  noted  that  epibranchial  structure  of  some 

Stomiiformes,  we  are  accepting  Weitz-  paralepidids  is  similar  to  that  of  stomi- 

man's  (1974)  evidence  regarding  rela-  ifonns;  we  agree  with  him  that  the  simi- 

tionships  of  the  major  lineages;  alterna-  larity  appears  to  be  convergent, 

tively,   should   Weitzman's   groups   be  6)   Posterior  branchiostegal   abruptly 

found  invalid,  the  premaxillary-rostro-  larger  (in  a  dorsoventral  plane)  than  those 

demiethmoid  ligament  could  be  used  to  more  anterior.  This  morphology  is  pres- 

propose  a  monophyletic  group  composed  ent  in  most  stomiiforms;  in  some  derived 

of  the  above-listed  genera.  species,  the  posterior  two  or  three  rays 

W^e  have  found  no  other  teleosts  with  are  abruptly  larger  than  those  more  an- 
crossed  dorsal  premaxillary-rostroder-  terior  (compare  Fig.  9,  herein,  with 
methmoid  ligaments  like  those  just  de-  Weitzman,  1974,  Fig.  70  of  Argyripnw.s). 
scribed.  In  Galaxias  there  are  two  broad  In  most  other  teleosts,  the  branchioste- 
ligamentous  sheaths  extending  from  the  gals  form  a  graded  series,  becoming  pro- 
dorsolateral  aspects  of  the  ethmoid  to  the  gressively  larger  posteriorly.  This  is  the 
posterodorsal  and  posterior  surfaces  of  case  in,  for  example,  Hiodon,  Elops, 
the  ipsilateral  and  contralateral  premax-  Etrumeus,  osmerids,  galaxiids,  salmo- 
illae.  These  sheaths  are  much  broader  nids,  and  myctophids;  for  a  review  and 
than  the  ligaments  of  stomiifomis  and,  numerous  figures  of  branchiostegal  mor- 
rather  than  extending  primarily  to  the  phology,  see  McAllister  (1968).  An  ex- 
borders  of  the  premaxillae,  fonn  a  broad  ception  to  the  general  teleostean  condi- 
area  of  attachment  on  the  posterior  sur-  tion  is  found  in  some  acanthomorphs  and 
faces  of  the  premaxillae.  a  number  of  clupeomorph   genera,   in 

In  most  teleosts  there  are  no  well  or-  which  the  posterior  three  (or  four)  bran- 

ganized  ligaments  between  the  rostro-  chiostegals  are  abruptly  larger  than  the 

demiethmoid  (or  other  dorsal  ethmoid  two  or  three  anterior  (see   McAllister, 

elements)   and   the   premaxillae.    But  1968,  Pis.  9,  15,  19;  Nelson,  1970,  Figs, 

suspensory  ligaments  from  the  ethmoid  7-9);  this  mori3hology  is  most  parsimo- 

region  to  the  upper  jaws  are  present  in  niously  interpreted  as  independently  ac- 

numerous  teleosts,  and  the  patterns  of  quired  in  those  acanthomorphs,  clupeo- 

such   ligaments  may  eventually  prove  morphs  and  in  stomiiforms. 

useful  in  systematic  analyses;  neverthe-  McAllister  (1968:   48)   suggested  that 

less,  pending  a  broad  comparative  study,  "expansion  of  the  upper  one  or  two  bran- 

we  hesitate  to  make  any  further  general-  chiostegals"    characterize    stomiiforms. 

izations.  He  listed  Idiacanthus  as  an  exception; 

5)  A  single,  broad  proximal  termination  our  specimens  of  that  genus  have  the  spe- 
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cialized  branchiostegal.  We  do  find,  how- 
ever, the  posterior  branchiostegal  slen- 
der and  unmodified  in  the  malacosteid 
Photostomias,  and  we  interpret  this  mor- 
phology as  a  sec()ndar\'  reduction. 

7)  Some  branchiostegals  articulating 
with  the  ventral  hypohyals.  This  mor- 
phology is  found  in  primitive  and  in  most 
derived  stomiifonns  (Fig.  9).  Exceptions, 
with  branchiostegals  restricted  to  the  an- 
terior and  posterior  ceratohyals,  include 
the  sternoptychids  Araiophos,  Thoro- 
pJios,  Argyripnus,  Sonoda,  Polyipnus, 
Argijropelecus,  and  Sternoptyx  and  the 
malacosteids  Aristostomia.s,  Malaco.s- 
teus,  and  Photostomias.  According  to 
Weitzman's  (1974)  hypotheses  of  stomi- 
iform  and  sternoptychid  relationships, 
the  lack  of  branchiostegals  on  the  ventral 
hypohyals  in  these  taxa  is  most  parsimo- 
niously interpreted  as  independently  ac- 
quired in  the  Thorophos-Araiophos  lin- 
eage, the  lineage  comprised  of  the  other 
sternoptychid  genera  listed  above,  and  in 
the  malacosteids. 

No  other  teleosts  have  been  reported 
to  have  branchiostegals  on  the  ventral 
hypohyals  (McAllister,  1968),  and  we 
have  found  none. 

8)  Rete  mirabila  and  associated  blood 
vessels  located  at  the  posterior  of  the 
swimbladder,  except  in  those  specialized 
species  which  lack  the  swimbladder. 
This  morphology  was  suggested  by  Mar- 
shall (1960)  to  be  unique  to  "stomia- 
toids."  In  contrast,  most  other  teleosts 
with  retia  have  them  anterior  to  or  near 
the  middle  of  the  gasbladder,  with  the 
vascular  system  extending  from  anterior 
to  the  rete;  compare  gasbladder  mor- 
phologies illustrated  in  Marshall  (1960: 
Figs.  30,  36).  In  some  protacanthopte- 
rygians  no  organized  rete  is  present;  in 
some  mid-water  oceanic  protacanthopte- 
rygians,  such  as  Opistlioproctus,  numer- 
ous "micro-retia"  are  present  (Marshall, 
1960,  Fig.  4D).  Fange  (1953)  illustrated 
swimbladder  morphology  and  rete  dis- 
tributions in  several  phylogenetically  ad- 
vanced teleosts. 


The  only  other  teleosts  noted  by  Mar- 
shall as  having  a  posteriorly  positioned 
rete  are  the  berycoids  Stephanoberyx, 
Anoplogaster,  and  Melamphaes.  In  these, 
however,  the  structure  of  the  rete  is  more 
specialized  and  there  is  an  oval  window. 
In  addition,  other  characters  (see  Rosen, 
1973)  indicate  that  these  genera  cannot 
be  seriously  considered  as  the  sister 
group  of  stomiifonns. 

The  value  of  swimbladder  morpholo- 
gy for  diagnosing  stomiifomi  monophyly 
needs  to  be  further  tested  by  broad  com- 
parative studies. 

The  characters  presented  above  should 
serve  to  diagnose  the  Stomiiformes.  Oth- 
er authors  have  suggested  other  charac- 
ters, but  we  have  not  been  able  to  cor- 
roborate their  value  in  our  analysis. 
Regan's  (1923)  characterization  of  the 
group  is  inadequate  because  the  charac- 
ters either  are  not  adequately  described 
or  are  applicable  at  a  more  general  level 
of  analysis.  More  recently.  Greenwood  et 
al.  (1966)  considered  a  number  of  char- 
acters to  be  diagnostic  of  the  "stomia- 
toids,  "  including  "photophores,  a  large 
basisphenoid  associated  with  the  ab- 
sence of  lateral  prootic  walls  in  the  an- 
terior region  of  the  posterior  myodome  " 
(the  "post-basisphenoid  space"  of  Weitz- 
man,  1967a),  "preopercular  and  infraor- 
bital lateral-line  canals  connected  by  the 
supraorbital  canal  in  the  frontal,  often  a 
dorsal  and  in  some  cases  a  ventral  adi- 
pose fin,  and  a  mesocoracoid  in  those 
members  with  well  developed  pectoral 
fins"  (p.  372).  We  have  discussed  photo- 
phore  morphology  above.  The  "post-ba- 
sisphenoid space  "  is  present  as  de- 
scribed only  in  some  of  the  more 
phylogenetically  derived  species  (e.g., 
melanostomiatids,  Astronesthes;  see  Fig. 
5  of  Greenwood,  et  al.,  1966  and  compare 
with  Fig.  4,  herein).  We  were  unable  to 
find  lateral-line  canals  as  described  in 
specimens  we  examined  of  numerous 
stomiiform  genera.  A  dorsal  adipose  fin 
is  a  euteleostean  character  (Patterson  and 
Rosen,  1977),  and  a  ventral  adipose  fin  is 
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present  in  only  some,  phylogenetically 
derived  species,  e.g.,  Stoniias,  ChauUod- 
us.  A  mesocoracoid  and  a  large  basisphe- 
noid  are  primitive  for  teleosts. 


MONOPHYLY  AND  INTERRELATIONSHIPS 
OF  THE  NeOTELEOSTEI 

The  most  recent  discussion  of  the  Neo- 
teleostei  is  that  of  Rosen  (1973)  (Fig.  21). 
He  diagnosed  the  group  on  the  basis  of 
three  characters  (p.  505):  1)  presence  of 
a  retractor  arcuum  branchialium  muscle, 
RAB  (called  retractor  dorsalis,  herein);  2) 
presence  of  ascending  and  articular  pre- 
maxillary  processes  (he  listed  this  char- 
acter in  stomiifomis  as  occuring  "in  some 
members  of  the  gonostomatid-sterno- 
ptychid  complex");  and  3)  presence  of 
"an  advanced  type  of  internal  maxillary 
muscle  (Ai^)."  Rosen  included  stomi- 
iforms in  the  Subdivision  Neoteleostei 
since  they  appeared  to  share  these  char- 
acters with  other  neoteleosts.  On  the  ba- 
sis of  a  number  of  characters,  stomiifomis 
were  considered  to  be  the  sister  group 
(Stenopterygii)  of  all  other  Neoteleosts 
(Eurypterygii).  The  Eurypterygii  was  di- 
agnosed on  the  basis  of  eight  characters 
(these  are  discussed  below). 

Stomiiforms  have  in  recent  decades 
been  considered  related  to  either  clu- 
peoids  or  salmonoids  (see  Weitzman, 
1967a).  Greenwood  et  al.  (1966)  placed 
them  within  the  Salmoniformes  and,  with 
the  exception  of  Rosen's  (1973)  paper, 
this  arrangement  has  remained  the  ac- 
cepted one  by  general  consensus  (see 
Nelson,  1976;  textbooks  by  Bond,  1979, 
and  Lagler  et  al,  1977). 

Our  own  analysis  of  Rosen's  characters 
and  others  indicates  that  Rosen's  basic 
conclusions  are  corroborated,  i.e.,  that 
stomiiforms  are  neoteleosts  and  that  they 
are  the  sister  group  of  the  monophyletic 
Eurypterygii.  We  present  further  evi- 
dence for  neoteleostean  monophyly  im- 
mediately below  and  then  discuss  Ro- 


sen's (1973)  work  on  the  Neoteleostei 
and  Eurypterygii.  In  the  next  section,  on 
protacanthopterygian  relationships,  we 
discuss  our  findings  regarding  previous 
hypotheses  about  the  Salmonifonnes. 

Characters  shared  as  synapomorphies 
by  neoteleosts  include  the  following: 

1.  A  retractor  dorsalis  muscle  is  pres- 
ent. It  is  lacking  in  most  non-neoteleosts 
(Rosen,  1973;  see  Winterbottom,  1974, 
regarding  the  distribution  and  nomencla- 
ture of  this  muscle  and  a  similar  one  in 
cyprinids,  gars,  and  Amia).  We  have  con- 
firmed the  presence  of  the  retractor  dor- 
salis in  Diplophos. 

2.  A  rostral  cartilage  is  present.  The 
cartilage  is  a  single  median  structure 
which  lies  between  the  premaxillae  and 
the  ethmoid  region  of  the  neurocranium. 
We  have  seen  this  cartilage  in  all  major 
neoteleostean  lineages  examined,  and  it 
is  illustrated  several  times  by  Rosen  and 
Patterson  (1969;  see  for  example  Figs. 
15C,  Typhi ichthys;  Fig.  74B,  Chlorop- 
thalmus;  Fig.  74C,  Neoscopelus;  Fig. 
74E,  Myctophum).  A  rostral  cartilage  is 
lacking  in  many  phylogenetically  de- 
rived stomiifonns  (e.g.,  melanostomia- 
tids)  and  in  paralepidids. 

Paired  cartilage  bodies  lie  anterolateral 
to  the  ethmoid  region,  usually  between 
the  palatine,  maxilla,  and  ethmoid,  in  a 
number  of  primitive  teleosts.  In  salmo- 
nids,  paired  cartilages  lie  along  or  just  lat- 
eral to  the  midline,  between  the  ethmoid 
and  the  premaxillae.  Fusion  of  these  car- 
tilages would  result  in  a  body  identical 
in  fomi  to  a  rostral  cartilage,  and  it  is  pos- 
sible that  such  was  its  origin.  This  pos- 
sibility is  considered  in  more  detail  in 
the  discussion  of  protacanthopterygian 
interrelationships. 

.3.  Teeth  with  attachment  mode  Type 
4  (Fink,  1981).  Non-neoteleosts  have  the 
primitive  modes  1  and  2,  with  one  excep- 
tion noted  below  (see  discussion  of  sto- 
miiform  monophyly,  above,  for  defini- 
tions of  attachment  modes).  Teeth  with 
Type  4  attachment  mode  are  hinged, 
with  the  anterior  border  of  the  tooth  base 
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free  from  the  underlying  attachment 
bone,  and  with  a  relatively  large  unmin- 
eralized  collagen  area  at  the  posterior 
border  of  the  tooth  base.  The  axis  of  ro- 
tation is  the  posterior  collagen  area.  As 
discussed  above  in  the  section  on  stomi- 
iform  characters,  and  by  Fink  (1981), 
Type  4  teeth  are  found  in  juveniles  of 
several  primitive  stomiifomi  species  (in- 
cluding Diplophos  and  PJiotichthys),  in 
several  species  with  small  adults,  includ- 
ing PoUichthijs,  Vinciguerria,  and  Valen- 
ciennellus,  and  in  the  larger  melanosto- 
miatid  Tactostoma.  Fink  (1981)  found 
that  when  hinged  teeth  are  present  in  au- 
lopiforms,  myctophifonns,  paracanthop- 
terygians,  berycifonns,  and  perciforms, 
they  have  Type  4  mode  of  attachment. 

In  most  adult  stomiiforms,  the  hinged 
teeth  are  of  Type  3,  but  the  presence  of 
Type  4  mode  in  juveniles  of  primitive 
stomiiforms  and  in  adults  of  some  other 
species  (usually  in  which  individuals  are 
small)  suggests  that  Type  4  teeth  were 
present  in  the  common  ancestor  of  all 
neoteleosts  and  that  the  character  is  thus 
a  neoteleostean  synapomorphy. 

The  only  other  teleost  in  which  Fink 
(1981)  found  Type  4  attachment  mode 
was  Esox.  He  concluded  that  details  of 
morphology,  combined  with  a  lack  of  evi- 
dence linking  Esox  with  neoteleosts,  in- 
dicates that  the  Type  4  mode  of  Esox  is 
independently  derived. 

4.  The  exoccipital  and  basioccipital 
bones  both  articulate  with  the  vertebral 
column  (anterior  centrum  and/or  noto- 
chord)  (Figs.  5,  7).  In  other  teleosts  ex- 
amined, with  two  exceptions  discussed 
below,  only  the  basioccipital  articulates 
with  the  vertebral  column.  The  neuro- 
cranium/vertebral  articulation  in  Diplo- 
phos is  similar  to  that  of  other  primitive 
stomiiforms  such  as  Photichthys  and  Po- 
ly tnct  me  (the  figure  of  the  latter  in  Weitz- 
man,  1967a,  Fig.  13,  is  not  accurate  in 
that  the  exoccipitals  should  extend  more 
posteriorly).  The  neurocranium/vertebral 
articulation  is  illustrated  for  the  sterno- 
ptychid  genera  in  Weitzman  (1974).   In 


more  specialized  stomiiforms,  the  poste- 
rior process  of  the  exoccipital  is  enlarged, 
sometimes  greatly  (see  Weitzman,  1967b, 
Figs.  5,  6,  13  for  Astronesthes),  and  artic- 
ulates with  the  thick  connective  tissue 
sheath  overlying  the  notochord.  The  in- 
clusion of  both  the  exoccipital  and  basi- 
occipital bones  in  the  vertebral  artic- 
ulation was  illustrated  by  Rosen  and 
Patterson  (1969)  for  aulopiforms  (Figs. 
61B,  63),  neoscopelids  (Figs.  61A,  C;  63), 
myctophids  (Fig.  61D),  paracanthopte- 
rygians  (Fig.  lOA-D,  among  others),  and 
acanthopterygians  (Fig.  lOE).  Our  own 
observations  confimi  the  distribution  of 
this  character.  Weitzman  (1974:  360-361) 
has  described  the  condition  of  the  artic- 
ulation in  osmerids  and  stomiiforms  in 
greater  detail. 

Among  non-neoteleosteans  we  find  the 
exoccipital  included  in  the  neurocra- 
nium/vertebral articulation  in  the  osteo- 
glossomorph  Hiodon  and  in  salmonids. 
In  Hiodon  the  anterior  vertebral  centrum 
is  firmly  and  closely  articulated  with  the 
neurocranium;  the  anterior  face  of  the 
centrum  is  convex  and  fits  into  a  concav- 
ity formed  by  the  basioccipital  and  ex- 
occipital. In  other  osteoglossomorphs  ex- 
amined {Osfeoglossutu,  Arapaima, 
Sclcropages)  and  in  notopterids  (Green- 
wood, 1963),  the  articulation  includes  the 
basioccipital  only.  We  surmise,  in  the 
context  of  the  well  documented  hypoth- 
esis that  osteoglossomcHphs  are  the  sister 
group  of  elopocephalans  (Patterson  and 
Rosen,  1977),  that  the  morphology  in 
Hiodon  is  an  independent  acquisition 
and  that  it  may  be  in  part  related  to  the 
expansion  of  the  exoccipitals  as  a  part  of 
the  otophysic  connection  in  those  fishes 
(see  Greenwood,  1973,  PI.  1). 

In  salmonids,  the  neurocranial  articu- 
lation is  virtually  the  same  as  that  of  neo- 
teleosts, with  the  basioccipital  and  exoc- 
cipitals articulating  with  the  anterior 
vertebra,  and  it  may  be  that  the  two  are 
sister  groups.  This  possibility  is  dis- 
cussed in  more  detail  below  in  the  sec- 
tion  on   interrelationships   of  protacan- 
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thopterygians.  Should  the  hypothesis  of 
this  relationship  be  eorroborated  with 
further  investigation,  this  eharacter  would 
appK'  to  an  expanded  Neoteleostei  (in- 
eluding  salnionids)  or  to  a  taxon  with  a 
new  name. 

Two  of  the  three  eharacter  complexes 
used  by  Rosen  (1973)  to  define  the  Neo- 
teleostei appear  to  be  invalid.  These  are 
presence  of  an  Ai^  division  of  the  adduc- 
tor mandibulae  muscle  and  upper  jaw 
structure.  Our  opinions  regarding  homol- 
ogies of  the  adductor  muscles  are  given 
in  the  preceding  section  on  stomiifonn 
monophyly;  we  believe  that  the  adductor 
muscle  morphology  of  stomiiforms  is 
unique  to  them. 

Regarding  upper  jaw  morphology,  the 
situation  is  more  complex.  In  his  diag- 
nosis of  the  Neoteleostei,  Rosen  lists 
presence  of  both  ascending  and  articular 
premaxillary  processes  (1973:  505).  How- 
ever, in  the  text  (p.  413),  he  also  includes 
some  other  upper  jaw  features  shared  by 
"...  more  generalized  gonostomatid  and 
sternoptychid  stomiatoids  ..."  as  neote- 
leostean  features,  including  "...  a  low 
post-maxillaiy  process  on  the  premaxilla; 
a  somewhat  folded  head  on  the  maxilla; 
various  ligaments  extending  between  the 
palatine  and  ethmoid;  and  both  upper 
jaw  bones,  in  some  cases,  in  a  neoteleos- 
tean  pattern  (Weitzman,  in  press)."  Some 
of  these  are  easily  dismissed.  Weitzman 
(1974,  cited  as  in  press  by  Rosen)  dis- 
cussed and  illustrated  jaw  bones  in  cer- 
tain stomiifoniis,  but  not  those  of  other 
neoteleosts,  and,  as  far  as  we  know,  a 
neoteleostean  jaw  bone  pattern  has  not 
been  defined.  Presence  of  "various  liga- 
ments extending  between  the  palatine 
and  ethmoid,"  not  defined  further,  is  so 
ambiguous  as  to  be  meaningless;  in  fact 
the  presence  of  some  ligaments  between 
the  palatine  and  ethmoid  appears  to  be 
primitive  for  teleosts.  We  find  no  neote- 
leostean palatine-ethmoid  ligament  pat- 
tern. 

We  have  found  articular  processes  (a 
dorsal  projection  of  bone  articulated  with 


the  maxillary  head)  to  be  common  among 
elopocephalans,  and  therefore  primitive 
for  neoteleosts.  No  ascending  process 
(i.e.,  a  dorsal  projection  of  bone  medial 
to  the  articular  process)  has  been  found 
by  us  in  stomiifomis.  Rosen  (1973)  ap- 
parently interpreted  the  articular  process 
in  Maurolicus  and  Ncophos  (  =  Thoro- 
phos  in  Weitzman,  1974)  as  an  ascending 
process;  nevertheless,  it  is  clear  that  the 
process  in  each  of  these  examples  is 
closely  articulated  with  the  maxilla  (see 
Weitzman,  1974,  Fig.  55  of  Maurolicus 
and  Fig.  51  oi  Thorophos). 

We  are  not  certain  about  what  Rosen 
means  when  he  refers  to  the  "folded 
head  of  the  maxilla."  He  may  be  referring 
to  the  morphology  found  in  some  euryp- 
terygians  wherein  the  proximal  end  of 
the  maxilla  extends  dorsally  over  the  pre- 
maxilla, or  in  which  the  maxilla  is  bifur- 
cated anteriorly  and  extends  around  the 
ascending  or  articular  process  of  the  pre- 
maxilla (see,  for  example,  Rosen  and  Pat- 
terson, 1969,  Fig.  15  of  percopsiforms). 
Although  some  stomiiforms  may  have  an 
anteromedial  groove  in  the  maxilla,  we 
have  not  found  what  we  would  consider 
a  "folded  head"  in  any  stomiifonn  we 
have  examined. 

A  post-maxillary  process  on  the  pre- 
maxilla was  also  considered  by  Rosen  to 
be  a  neoteleostean  synapomorphy.  How- 
ever, we  find  that  such  a  process  is  absent 
in  primitive  stomiifomis,  such  as  Diplo- 
phos  (Fig.  4),  Polymetme  (Weitzman, 
1967a,  Figs.  13,  14),  Thorophos  (Weitz- 
man, 1974,  Fig.  18),  and  Gonostoma.  A 
small  bony  flange  extends  dorsally  from 
the  premaxilla,  medial  to  the  maxilla,  in 
Maurolicus  (Weitzman,  1974,  Fig.  22). 
An  elongate  flange  also  projects  medial 
to  the  maxilla  in  Valenciennellus  (Weitz- 
man, 1974,  Fig.  25).  These  latter  two  gen- 
era are  in  the  Sternoptychidae,  a  group 
considered  by  Weitzman  (1974)  to  be 
phylogenetically  derived  relative  to  the 
lineages  represented  by  Diplophos,  Po- 
lynicttiie,  and  Gonostojua.  This  indicates 
that  the   processes   in   Maurolicus   and 


78       Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  2 


Valenciennellus   are   specializations  of 
those  genera. 

Rosen  (1973)  considered  stomiifomis 
to  be  the  sister  group  of  other  neote- 
leosts,  the  Eurypterygii  (Fig.  21).  The  lat- 
ter was  considered  monophyletic  on  the 
basis  of  eight  characters  (Rosen,  1973: 
505-506).  One  character,  presence  of  a 
protractor  pectoralis  muscle,  has  been 
found  by  Greenwood  and  Lauder  (1981) 
to  be  a  gnathostome  synapomorphy.  Two 
other  characters  should  be  reassessed 
since  they  both  are  described  as  "tenden- 
cies"; these  are  a  tendency  for  the  alveo- 
lar ami  of  the  premaxillary  to  elongate 
and  develop  a  post-maxillary  process, 
and  a  tendency  for  the  pectoral  fins  to 
"migrate  up"  on  the  flank  and  for  the  pel- 
vies  to  move  forward  under  the  pectorals 
(see  Introduction  for  discussion  of  evo- 
lutionary "tendencies"  as  characters).  A 
fourth  character,  "stabilization  of  the  as- 
cending and  articular  premaxillary  pro- 
cesses" must  be  assessed  in  view  of  our 
finding  that  stomiifomis  have  an  articular 
process  but  not  an  ascending  process. 
This  would  imply  that  presence  of  the 
latter  character  is  a  eurypterygian  trait 
(see  also  Rosen  and  Patterson,  1969). 
Another  character  listed  by  Rosen  is  "de- 
velopment of  a  deeply  folded  articular 
head  on  the  maxilla"  as  opposed  to  a 
"somewhat  folded  head  on  the  maxilla" 
in  stomiifomis  (Rosen,  1973:  413).  As  not- 
ed above,  eurypterygians  do  have  a  spe- 
cialized maxillary  morphology  and  this 
may  also  be  a  eurypterygian  character; 
more  precise  descriptions  are  needed  for 
further  analysis. 

A  sixth  character,  an  "elongate  third 
pharyngobranchial  that  displaces  the  sec- 
ond pharyngobranchial  from  the  midline 
.  .  .  ,"  appears  to  diagnose  two  groups,  the 
Eurypterygii  and  a  subgroup  of  the  Sto- 
miiformes  (Fink,  in  preparation).  The 
few  instances  of  eurypterygians  with  the 
second  pharyngobranchial  not  displaced 
by  the  third  occur  in  a  pattern  which  is 
incongruent  with  current  concepts  of  re- 
lationships within  the  group,  so  it  is  most 


parsimonious  to  assume  that  they  have 
developed  the  pattern  as  a  neomorphic 
feature  (e.g.,  Hoplostethus,  Rosen,  1973, 
Fig.  88). 

The  seventh  character  considered  by 
Rosen  (1973)  to  be  a  eurypterygian  syn- 
apomorphy is  "reduction  of  the  second 
preural  neural  spine  in  the  caudal  skel- 
eton to  a  half-spine,  and  the  forward  mi- 
gration of  the  epurals."  "Reduction"  in 
neural  spine  morphology  is  also  present 
in  many  primitive  euteleosts,  including 
esocoids  (see  discussion  by  Rosen,  1974: 
292),  some  salmonids  (e.g.,  Prosopium 
and  Coregonus),  and  some  osmerids. 
Whether  this  character  is  eurypterygian 
or  applicable  to  a  broader  level  of  rela- 
tionships is  problematical,  depending  on 
assessment  of  relationships  among  the 
primitive  euteleostean  groups.  At  this 
point,  however,  the  character  does  seem 
to  diagnose  the  Eurypterygii.  As  noted  by 
Rosen  and  Patterson  (1969)  the  evolution 
of  neural  spine  morphology  has  been 
complex;  descriptions  which  clearly  dif- 
ferentiate the  various  "reductive"  spine 
morphologies  for  systematic  purposes  are 
not  yet  available.  Regarding  the  "forward 
migration  of  the  epurals"  (Rosen,  1973: 
506),  we  find  no  distinction  between  the 
placement  of  epurals  in  primitive  euryp- 
terygians and  non-eurypterygians  (com- 
pare Weitzman,  1967a,  Fig.  4  of  Spirin- 
chus,  and  Rosen  and  Patterson,  1969,  Fig. 
2B  of  Aulopus  with  Diplophos,  our  Fig. 
16). 

The.  remaining  character  suggested  by 
Rosen  (1973)  as  diagnostic  of  the  Euryp- 
terygii is  "a  large  tooth  plate  fused  with 
the  underside  of  the  third  epibranchial." 
Fusion  of  a  toothplate  to  the  third  epi- 
branchial is  a  feature  which  we  have 
found  only  in  eurypterygians  and  which 
does  diagnose  the  group  (the  toothplate 
is  lacking  in  ateleopodids,  Rosen,  1973: 
487).  We  would  suggest  that  reference  to 
tooth  plate  size  can  be  eliminated,  how- 
ever, since  in  some  perciforms,  such  as 
Perca,  the  tooth  plate  is  small. 

From  our  discussion  above  concerning 
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characters  considered  to  be  neoteleos- 
tean  by  Rosen,  it  would  appear  that  some 
of  them  may  be  eurypterygian.  These 
would  include  the  presence  of  an  ascend- 
ing premaxillary  process,  a  "folded  head 
on  the  maxilla,"  and  a  post-maxillary  pro- 
cess on  the  premaxilla.  Further  exami- 
nation of  the  distributions  of  these  char- 
acters is  needed  for  a  better  assessment 
of  them. 

Lauder  (1981)  presents  another  euryp- 
terygian character:  presence  of  an  inter- 
operculohyoid  ligament. 

In  summary,  we  agree  with  Rosen's 
(1973)  hypotheses  that  the  Neoteleostei 
and  Eurypterygii  are  monophyletic  and 
that  the  latter  is  the  sister  group  of  the 
Stomiiformes. 

COMMENTS  ON 

PROTACANTHOPTERYGIAN 

INTERRELATIONSHIPS 

The  traditional  inclusion  of  stomi- 
ifomis  in  "basal"  teleostean  groups  led 
us  to  examine  a  number  of  members  of 
the  various  phylogenetically  primitive 
euteleostean  lineages.  As  noted  by  Rosen 
(1974),  the  Protacanthopterygii  of  Green- 
wood et  al.  (1966)  has  undergone  steady 
attrition  as  the  included  groups  have 
been  placed  into  a  more  phylogenetic 
framework.  The  most  recent  treatment  of 
the  Protacanthopterygii  (now  including 
only  the  Salmonifomies)  is  that  of  Rosen 
(1974).  We  have  examined  the  arguments 
for  his  classification  within  the  group  and 
present  herein  some  discussion  of  his  hy- 
potheses of  relationships.  Rosen's  (1974) 
contribution  is  examined  in  detail  since 
its  methodology  is  explicitly  phylogenet- 
ic, and  thus  its  hypotheses  are  ideally 
constructed  for  criticism.  We  make  few 
comments  on  the  work  of  other  authors 
(e.g..  Greenwood  et  al.,  1966;  Weitzman, 
1967a;  iMcDowall,  1969;  Gosline,  I960; 
Klyukanov,  1975),  since  none  of  them 
used  explicitly  phylogenetic  methodol- 
ogy, and  thus  their  concepts  of  relation- 
ship and  character  usage  cannot  be  inter- 


preted unambiguously.  It  is  not  our 
purpose  here  to  provide  a  revision  of  the 
protacanthopterygians,  but  rather  to  pres- 
ent the  findings  that  have  emerged  from 
our  survey  of  lower  teleosts,  pending  a 
more  thorough  survey  of  relationships  at 
this  level. 

Rosen  (1974)  summarized  his  hypoth- 
eses concerning  protacanthopterygian  re- 
lationships in  two  places,  first  on  page 
310  and  then  in  an  "analytical"  key  (pp. 
311-313).  His  hypothesis  of  protacan- 
thopterygian relationships  can  be  sum- 
marized as  follows  (Fig.  22).  There  are 
two  major  lineages.  One,  Infraorder  Eso- 
cae,  includes  the  Esocidae,  Umbridae, 
and  Lepidogalaxiidae;  the  other,  Infraor- 
der Salmonae,  includes  two  suborders, 
the  Argentinoidei  and  Salmonoidei.  The 
Argentinoidei  is  comprised  of  the  Argen- 
tinoidea  and  the  Alepocephaloidea,  and 
the  Salmonoidei  is  comprised  of  the  Sal- 
monoidea  (Salmonidae  and  Galaxiidae) 
and  the  Osmeroidea  (Osmeridae,  Pleco- 
glossidae,  Retropinnidae,  and  Salangi- 
dae).  When  fonnal  group  names  are  men- 
tioned in  the  text  below,  they  will 
correspond  to  Rosen's  usage.  When  our 
conclusions  differ  from  his,  our  use  of  his 
categories  as  descriptive  tenns  follows 
these  conventions:  presumed  polyphy- 
letic  groups  (e.g.,  "salmonoids")  are  used 
with  quotes,  and  paraphyletic  groups 
(e.g.,  osmeroids)  are  used  without  quotes. 
The  term  argentinoid  as  used  below  re- 
fers to  the  suborder  Argentinoidei,  not  to 
the  superfamily  Argentinoidea.  Esocoid 
refers  to  members  of  both  the  Infraorder 
Esocae  and  the  Esocoidei,  since  they  are 
redundant  categories  in  the  classification 
(though  only  provisionally  accepted 
herein). 

Rosen's  (1974:  311-314)  "analytical 
key"  is  ambiguous  about  which  charac- 
ters were  used  as  synapomorphies  for 
which  groups.  For  most  of  the  characters 
both  the  derived  and  primitive  states  are 
given  in  a  single  couplet;  thus  the  de- 
rived state  is  synapomorphic  at  some 
lower  taxonomic  level  and  not  diagnostic 
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Figure  22.     Rosen's  (1974)  hypothesis  of  choice  for  protacanthopterygian  relationships. 


of  the  group  that  "keys  out"  at  that  cou- 
plet. In  some  cases,  characters  were  used 
as  synapomorphies  at  several  levels  in 
the  key,  without  explanation.  In  spite  of 
the  confusing  structure  of  the  key,  a  care- 
ful reading  of  it,  combined  with  a  reading 
of  the  text,  does  provide  some  characters 
which  appear  to  be  diagnostic  of  the  var- 
ious groups  recognized  by  Rosen. 

Our  discussion  of  Rosen's  hypotheses 
follows  the  sequence  of  taxa  as  given  in 
his  key,  which  the  reader  may  wish  to 
consult. 

The  Protacanthopterygii  was  never  ex- 
plicitly diagnosed  by  Rosen,  but  the  char- 
acters which  he  suggested  to  unite  eso- 
coids  (including  Lepido^alaxias)  with 
the  other  lineages  can  be  construed  as 
protacanthopterygian  synapomorphies. 
These  characters  were  discussed  on  page 
310  and  include  fusion  of  a  toothplate 
(when  present)  to  the  third  pharvngo- 
branchial  and  presence  ol  "a  posterior 
toothplate  below  the  fourth  pharyngo- 
branchial  and  fourth  epibranchial  in  a 
pattern  like  that  of  the  'well  toothed'  sal- 
moniforms."  However,  the  first  of  these 
characters  is  probably  clupeocephalan, 
since  fusion  of  the  toothplate  occurs  not 
only  in  salmoniforms  but  also  in  Etru- 
meus,  ostariophysans,  stomiiforms,  and 
almost  all  eurypterygians   (with  the  ex- 


ception of  the  Ateleopodidae,  noted  by 
Rosen,  1973:  487).  Concerning  the  sec- 
ond character,  Rosen  did  not  precisely 
define  the  pharyngobranchial  toothplate 
"pattern"  or  "well  toothed,  "  but  we  as- 
sume that  he  is  referring  to  the  presence 
of  but  a  single  toothplate  associated  with 
the  fourth  pharyngobranchial  and  fourth 
epibranchial.  This  character  has  a  distri- 
bution in  the  Protacanthopterygii  which 
indicates  that  convergence  is  common. 
There  are  two  toothplates  in  this  position 
in  argentinoids  we  examined,  in  galaxiids 
(see  Rosen,  1974,  Fig.  lib,  c),  and  in 
some  osmeroids  (see  Rosen,  1974,  Fig. 
12b).  It  would  appear  that  the  fusion  (or 
loss)  of  the  toothplate  on  the  fourth  pha- 
ryngobranchial has  occurred  in  salmo- 
nids,  some  osmeroids,  and  esocoids,  and 
that  the  character  cannot  be  definitive  for 
the  Protacanthopterygii.  Rosen  admits 
that  the  evidence  for  inclusion  of  eso- 
coids in  the  group  is  "slight,  "  and  we 
agree. 

Of  the  eleven  characters  Rosen  (1974) 
used  to  place  Lepidogalaxias  in  the  Eso- 
cae,  only  four  appear  to  be  appropriate 
for  inference  of  relationship  between 
those  groups:  lack  of  a  mesocoracoid,  lack 
of  pyloric  caeca,  a  single  rudimentary 
neural  arch  and  spine  over  PUl,  and  a 
single  uroneural.  In  view  of  the  reductive 
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nature  of  all  of  these  characters  and  the  presence  of  fanglike  teeth  arranged  mar- 
very  small  size  and  benthic  "habits"  of  ginalK'  on  the  basihyal  and  development 
Lepidogalaxias,  and  in  view  of  the  im-  of  platelike  bone  on  the  posterior  neural 
portance  of  the  biogeographic  hypothesis  and  henial  spines.  Interpretations  of  the 
suggested  by  this  hypothesis  of  relation-  term  "fanglike"  will  vary  with  each  in- 
ships,  it  appears  to  us  that  a  further  vestigator,  and  we  find  a  morphological 
search  for  characters  is  warranted.  This  continuum  from  "large  fanglike"  to 
is  especially  so  since  in  the  original  de-  "small  fanglike"  to  "teeth  along  the  lat- 
scription  of  Lc'pic/oga/axifls,  Mees  (1961:  eral  basihyal  border  somewhat  larger 
33)  states  that  there  is  a  single  series  of  than  those  on  the  medial  surface  of  the 
comparatively  large  teeth  on  the  ento-  bone."  These  definitions  are  of  necessity 
pterygoids  (mesopterygoids,  herein),  a  highly  subjective  and  are  best  under- 
character  which  we  propose  below  to  be  stood  by  an  examination  of  actual  speci- 
a  synapomorphy  for  osmeroids  (including  mens.  Large,  fanglike,  and  usually  re- 
galaxiids);  Rosen  (1974)  states  that  Lepi-  curved  teeth,  proportionally  much  larger 
dogalaxias  lacks  teeth  on  the  bone.  This  than  teeth  found  in  other  primitive  eu- 
contradictory  evidence  needs  to  be  reex-  teleosts,  are  found  in  salmonins  (e.g., 
amined.  Cristivomer,   Salvelinus,   Salmo,  Onco- 

Of  the  thirteen  characters  listed  in  Ro-  rhynchus    [Rosen,    1974,    Fig.    3A-E, 

sen's  key  as  diagnostic  of  the  Infraorder  respectively],  and  Brachymystax),  and  in 

Salmonae,  only  one  appears  to  represent  the   osmerid   Spirinchus.    In    Osmerus 

a  possible  synapomorphy:  lack  of  a  tooth-  large  "fanglike"  teeth  are  present  around 

plate   on   the  fourth  endoskeletal  basi-  the  anterior  region  of  the  basihyal,  but 

branchial.  Rosen's  text  (1974:  237)  would  the   more  posterior  teeth  are  all  much 

appear  to  contradict  the   utility  of  this  smaller,  and  those  along  the  border  are 

character,  since  he  reports  the  toothplate  about  equal  in  size  to  those  on  the  medial 

in  Retropinna  and  Osmerus,  both  mem-  portion  of  the  bone.  Teeth  which  are 

bers  of  the  Salmonae.  While  we  have  not  "fanglike  "  and  recurved  but  not  large  are 

found  the  toothplate   in   specimens   of  found  in  galaxiids,  Retropinna,  and  Ar- 

those  genera  available  to  us,  we  never-  gentina.   Genera  in  which  the  marginal 

theless  doubt  the  utility  of  the  character  basihyal  teeth  are  somewhat  larger  than 

as  diagnostic  of  the  Salmonae  since  the  those  on  the  rest  of  the  bone  include  the 

toothplate  is  also  lacking  in  other  primi-  osmerids  Hypomesus  and  Mallotus  (Ro- 

tive  euteleosts,  including  ostariophysans  sen,  1974,  Fig.  2A,  B)  and  our  specimens 

(except  the   phylogenetically  derived  of  Plecoglossus;  Rosen's  figure  of  Pleco- 

characiform  Prochilodus  and,  according  glossus  (2C)  shows  a  scattering  of  larger 

to  Rosen,  the  characiform   Ichthyborus  teeth  among  some   smaller  teeth.   We 

[1974:   273]),   stomiiforms   and  aulopi-  found  that  basihyal  teeth  in  Prosopium 

fornis.  Dentigerous  toothplates  are  pres-  (Rosen,  1974,  Fig.  3F)  and  ThymaUiis  to 

ent  on  the  fourth  basibranchial  of  Elops,  he  uniformly  small.   Basihyal  teeth  are 

Megalops,   Hiodon,   and    Chirocentrus  either  small  in  both  size  and  number  or 

(but  lacking  in  all  other  clupeomorphs).  not  present  in  most  argentinoids  (Green- 

This  distribution  pattern  suggests  to  us  wood  and  Rosen,  1971). 

that  the   Esocae,  whose  members  have  This  cursory  and  incomplete  survey  of 

the  toothplate,  may  be  the  sister  group  to  basihyal  tooth  morphology  indicates  to  us 

all  other  euteleosts  (the  toothplate  is  also  that  presence  of  enlarged  marginal  basi- 

reported  in   Lepidogalaxias  by  Rosen,  hyal  teeth  would  be  diagnostic  of  the  Sal- 

1974).  monae,  if  the  presence  of  small  teeth  in 

Two  additional  characters  of  the  Sal-  some    salmonids   and   argentinoids   is 

monae  are  listed  in  Rosen's  text  (p.  310):  found  to  be  a  secondary  reductive  fea- 
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ture.  This  can  only  be  assessed  in  the  plate  with  a  sharp  ridge  of  bone  and  a 

context  both  of  more  characters  and  of  membrane  that  divides  the  orobranchial 

hypotheses  of  phylogenetic  relationships  chamber  into  right  and  left  halves,  pres- 

within  the  various  protacanthopterygian  ence  of  a  crumenal  organ,  and  accessory 

groups.  cartilage  at  the  posterior  end  of  the  fifth 

Platelike  bone  on  the  neural  and  hemal  ceratobranchial;  see  also  Greenwood  and 

spines,  the  second  character  of  the  Sal-  Rosen  (1971). 

monae  listed  in  Rosen's  text,  is  well  de-  The  suborder  Salmonoidei  is  unde- 
veloped in  many  members  of  the  group  fined  by  the  characters  presented  by  Ro- 
(see  Rosen,   1974,  Figs.   18,   19,  25-27;  sen  (1974). 

Gosline,  1960).  We  find  use  of  this  char-  The  superfamily  Salmonoidea  (Sal- 
acter  difficult  because  of  our  uncertainty  monidae  and  Galaxiidae,  including  Aplo- 
about  what  Rosen  intended  by  "plate-  chitoninae)  is  diagnosed  by  Rosen  by  the 
like."  In  many  members  of  the  Salmonae  presence  of  paired  marginal  basihyal 
there  is  extensive  laminar  bone  on  the  teeth,  none  or  few  scattered  teeth  on  the 
neural  and  hemal  spines,  forming  large  basibranchials,  and  the  fourth  epibran- 
blade-like  structures  (see  Rosen,  1974,  chial  without  uncinate  or  levator  process- 
Figs.  18A,  Galaxias  vulgaris;  25B,  Sal-  es.  Paired  basihyal  teeth,  rather  than  al- 
mo;  26C,  Plecoglossus;  27D,  Retropin-  ternating  teeth  with  a  single  tooth  at  the 
na).  In  other  members  of  the  group,  the  anterior  apex  of  the  bone,  are  found  in 
lamellar  bone  is  less  extensive,  often  most  salmonids  and  many  specimens  of 
fomiing  ovoid  anterior  extensions  from  galaxiids.  However,  about  half  of  the  gal- 
the  spines  (see  Greenwood  and  Rosen,  axiids  we  examined  have  a  single  tenni- 
1971,  Figs.  IIB,  Searsia;  12B,  Glo.ssaii-  nal  tooth  and  alternating  tooth  pairs  along 
odon;  14,  Bathylagus;  16A,  Osmerus).  In  the  basihyal  margin.  In  addition,  some 
yet  others,  there  is  very  little  or  no  la-  osmeroids  approach  the  "paired"  tooth 
mellar  bone  on  the  spines  (see  Green-  condition  (see,  e.g.,  Fig.  4A,  C  of  Rosen, 
wood  and  Rosen,  1971,  Figs.  8,  Talis-  1974).  Lack  of  teeth  or  presence  of  a  few 
mania;  10,  Roiileina;  Rosen,  1974,  Fig.  scattered  teeth  on  the  basibranchials  is  a 
19,  Aplochiton;  Weitzman,  1967a,  Fig.  4,  character  present  also  in  argentinoids 
Spirinchus).  In  Cristivomer,  the  neural  and  stomiifonns.  Lack  of  an  uncinate  pro- 
spines  have  little  lamellar  bone,  while  on  cess  on  the  fourth  epibranchial  is  not  a 
the  hemal  spines  it  is  more  extensive.  In  feature  common  to  all  galaxiids;  our  spec- 
primitive  teleosts  generally,  some  lamel-  imens  of  both  Galaxias  anomalous  and 
lar  bone  on  the  neural  and  hemal  spines  G.  delfini  have  such  a  process.  Loss  of 
in  the  caudal  region  is  common,  e.g.,  in  the  uncinate  process  appears  therefore  to 
Elops,  Denticeps,  many  characiforms,  be  independent  in  salmonids  and  galax- 
and  Aulopus  (it  is  extensive  and  blade-  iids.  Absence  of  a  "levator  process"  is  a 
like  in  the  latter).  Nevertheless,  it  could  character  which,  as  defined,  may  lead  to 
be  argued  that  some  amount  of  elabora-  confusion.  In  teleosts  generally  a  levator 
tion  of  lamellar  bone  is  a  diagnostic  char-  muscle  attaches  to  the  dorsolateral  sur- 
acter  of  the  Salmonae  and  that  its  absence  face  of  the  fourth  epibranchial  (Winter- 
in  some  members  of  the  group  (e.g.,  ale-  bottom,  1974).  In  many  primitive  eute- 
pocephaloids,  Spirinchus)  is  a  secondary  leosts,  this  surface  is  separated  from  the 
loss.  We  would  like  to  see  a  more  precise  ventrolateral  extremity  of  the  bone  by  a 
definition  of  the  character,  however,  than  concavity,  so  that  the  area  of  levator  in- 
that  provided  by  Rosen  (1974).  sertion  may  be  tenned  a  process.  Rosen's 

Rosen  (1974)  diagnosed  the  suborder  character,  "absence  of  a  levator  process," 

Argentinoidei   on   the   basis   of  three  might  better  be  defined  as  loss  of  this 

unique  characters:   basibranchial  tooth-  concavity;  the  area  of  levator  attachment 
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remains  unchanged,  although  in  descrip- 
tive terms  it  is  no  longer  a  process.  Ab- 
sence of  this  concavity  is  a  feature  shared 
not  onl\-  by  salmonids  and  galaxiids,  but 
also  by  the  osmeroids  Stokelia,  Rctropin- 
tia,  SalangichtJiys,  and  by  esocoids,  ex- 
cept Umbra. 

Thus,  of  the  four  features  suggested  by 
Rosen  to  be  synapomorphies  for  his  Sal- 
monoidea,  two  (paired  basihyal  teeth  and 
no  uncinate  process)  are  not  always  pres- 
ent in  galaxiids,  one  (reduced  basi- 
branchial  dentition)  is  shared  also  with 
argentinoids  (and  stomiiforms),  and  the 
other  (no  distal  concavity  in  the  epibran- 
chial)  is  shared  with  esocoids  and  some 
osmeroids.  We  would  prefer  a  search  for 
other  characters  to  substantiate  mono- 
phyly  of  the  Salmonoidea,  particularly 
since  we  have  found  evidence,  presented 
below,  which  suggests  other  relation- 
ships for  both  the  galaxiids  and  the  sal- 
monids. 

The  Osmeroidea  (including  Salangi- 
dae,  Osmeridae,  Plecoglossidae  and  Ret- 
ropinnidae),  is  diagnosed  in  Rosen's  key 
by  two  characters  which  appear  to  rep- 
resent possible  synapomorphies.  These 
are  the  presence  of  a  blunt,  somewhat 
elevated  median  ridge  on  the  second  ba- 
sibranchial  toothplate,  except  when  the 
toothplate  is  greatly  expanded,  and  lack 
of  autogenous  rudimentary  neural  arches 
dorsal  to  PUl,  these  arches  having  be- 
come fused  into  a  dorsal  outgrowth  of  the 
first  uroneural.  In  the  osmeroids  exam- 
ined by  us  (Osmerus,  Mallotus,  Spirin- 
chus,  Hijpomesus,  Retropinna),  the  basi- 
branchial  toothplate  is  smoothly,  though 
fairly  steeply,  arched  dorsally  along  most 
or  all  of  its  length.  No  blunt  median  ridge 
is  present.  The  basibranchial  toothplate 
is  similarly  shaped  in  Elops,  Megalops, 
Chirocentrus,  Aulopus,  and  Neoscope- 
/i/.s,  and  would  appear  therefore  to  be 
primitive  in  fonn  in  osmeroids.  The  sec- 
ond osmeroid  character  of  Rosen  (1974: 
313)  is  the  presence  of  a  "stegural,"  de- 
fined as  a  complex  formed  by  fusion  of 
the  rudimentar\'  neural  arch(es)  of  PUl 


to  the  first  uroneural  (see  also  Green- 
wood and  Rosen,  1971).  Rosen  contrasted 
this   condition   with   that  of  salmonids, 
wherein  the  rudimentary  neural  arches 
"join"  but  do  not  fuse  with  the  uroneural, 
forming  a  "primitive  stegural"  (Patterson 
and  Rosen,  1977:  122-126,  have  recendy 
redefined  the  tenn  stegural,  so  we  en- 
close the  "stegural"  of  Rosen,   1974,  in 
(luotation  marks).  Our  observations  con- 
firm that  adult  osmeroids  do  have  the  ru- 
dimentary neural  arches  fused  to  the  first 
uroneural,  and  that  this  appears  to  be  part 
of  an  ontogenetic  sequence,  since  in  our 
smaller  specimens  the  arches  are  not  yet 
fully  fused  with  the  uroneural  (see  Ro- 
sen, 1974,  Fig.  28).  We  have  observed  the 
bones  to  be  f\ised  in  adults  of  Retropin- 
na, Mallotus,  Spirinchus,  Hijpomesus, 
and  Osmerus.  Some  osmeroids  also  have 
the  rudimentary  neural  arches  fused  with 
PUl,  but  such  fusion  apparently  occurs 
later  in  ontogeny  than  fusion  to  the  uro- 
neural; a  large  (154  mm  SL)  specimen  of 
Osmerus  (MCZ  56535)  has  two  large  ru- 
dimentary neural  arches  over  PUl  and 
fused  with  both  the  uroneural  and  the 
centrum.  Fusion  of  rudimentary  neural 
arches  to  both  the  uroneural  and  PUl  are 
found  in  some  argentinoids  and  galaxiids 
also,  but  in  these  fishes  fusion  to  the  uro- 
neural appears  to  occur  later  in  ontogeny 
than  fusion  to  PUl.  Most  of  the  galaxiids 
examined  by  us  are  small  specimens  and 
have  the  arch(es)  fused  with  the  centrum 
but  not  the  uroneural;  however,  in  a  238 
mm   SL  specimen  of  Galaxias  delfifii 
(MCZ  46284)  there  are  two  rudimentaiy 
neural  arches  fully  fused  with  both  the 
centrum  and  the  uroneural.  Two  small 
specimens  (44  mm  and  71  mm  SL)  from 
the   same  collection  as  that  specimen 
have  the  arches  unfused  with  the  uro- 
neural. Rosen  noted  fusion  of  the  neural 
arches  to  the  uroneural  in  some  galaxiid 
specimens  (1974:  296,  Figs.  18E  oi  Gal- 
axias maeulatus,  19B  o(  Aplochiton  tae- 
niatus,  19C  oi  Lovettia  seali),  but  he  did 
not  indicate  sizes  of  the  specimens  he 
examined. 
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To  summarize  our  observations  on  ru-  relationships,  we  think  that  alternative 

dimentary  neural  arch/uroneural  fusion  hypotheses  should  be  considered.  A  full 

patterns,  there  appear  to  be  two  fusion  analysis  of  protacanthopterygian  interre- 

patterns  of  these  bones  in  protacanthop-  lationships  is  beyond  the  scope  of  this 

terygians.  In  argentinoids  and  galaxiids,  paper,  but  we  interpret  below  some  mor- 

when  fusion  takes  place,  the  arches  fuse  phological   evidence   examined  during 

first  with  the  centrum  and  then  with  the  the  course  of  this  study;  our  hypotheses 

uroneural.  In  osmeroids,  the  arches  fuse  of  relationship  are  illustrated  in  Figure 

first  with  the  uroneural  and  then,  in  some  23. 

cases,   with  the  centrum.   Salmonids,  Several   features   were   found  which 

many  argentinoids,  and  esocoids  do  not  might  be   synapomorphous   for  a  group 

have  uroneural/rudimentary  neural  arch  consisting  of  osmeroids   and  galaxiids 

fusion.  The  phylogenetic  significance  of  (sensu  Rosen,  1974)  and  thus  supportive 

the  two  fusion  patterns  is  unclear  at  pres-  of  previous   workers'  conjectures  (Gos- 

ent,  and  a  decision  as  to  whether  they  line,    I960;   McDowall,    1969).   First,   in 

suggest  that  argentinoids   and  galaxiids  members  of  both  groups  there  is  a  series 

are  sister  groups  and  that  osmeroids  are  of  large  teeth  along  the  medial  border  of 

monophyletic,  or  whether  the  fusion  pat-  the  mesopterygoid  (in  some  osmeroids, 

tern  of  either  of  these  two  "groups  "  is  such   as    Retropinna   and   Flecoglossus, 

primitive,  must  await  more  detailed  anal-  there  are  also  some  smaller  teeth  lateral 

ysis  and  comparisons  in  the  context  of  to  the  large  serial  teeth).  In  most  primi- 

other  characters.  tive  teleosts  with  mesopterygoid  teeth, 

In  addition  to  the  various   protacan-  including  Elops,  Megalops,  Etrumeus, 

thopterygian  characters  listed  above,  fu-  and  Diplophos,  the  teeth  are  small  and 

sion  of  the  fifth  epibranchial  to  the  fourth  scattered  over  the  ventral  surface  of  the 

was  discussed  in  detail  by  Rosen  (1974:  bone.  Large,  serially  arranged  mesopter- 

284,  Figs.  8-10,  14,  16).  He  considered  ygoid  teeth  are  present  in   Scleropages 

fusion  between  the  dorsal  tip  of  the  fifth  and  Osteoglossum,  but  the  evidence  that 

epibranchial  and  the  midpoint  of  the  dor-  these  osteoglossomorphs  are  phylogenet- 

solateral  border  of  the  fourth  epibranchi-  ically  distant  from  osmeroids   is   quite 

al  to  be  an  additional  derived  character  strong  (Patterson  and  Rosen,  1977)  and 

for  the   Salmonoidea  (Salmonidae  plus  the  similarity  is  considered  by  us  to  be 

Galaxiidae).   Similarly,   a  fusion   of  the  convergent, 

ventral  tip  of  the  fifth  epibranchial  to  the  We  suggest  that  in  osmeroids  and  gal- 

posteroventral  end  of  the  fourth  was  con-  axiids   there   is   a  specialized  "tongue 

sidered   derived  for  the   Osmeroidea.  bite"  mechanism  in  which  food  is  manip- 

However,  Rosen  found  fused  epibranchi-  ulated  between  the  basihyal  teeth  and 

als  only  in  one  salmonid,  Prosopium,  and  the  mesopterygoid  teeth.  This  would  par- 

in  some  osmeroids  there  was  no  fusion,  allel  the  "tongue  bite"  in  the  osteoglos- 

Use  of  these  fusions  as  characters  at  the  somorphs   mentioned   above.   In   some 

"salmonoid"  and  osmeroid  levels  pre-  salmonids,   including  Salmo   and   On- 

sumes  loss  of  fusion  in  some  members  of  corhynchus,   there  is  also  a  morphol- 

each  group.  Such  a  presumption  appears  ogy  which  appears  to  be  a  "tongue  bite" 

unwarranted  at  this  time,  since  the  cur-  mechanism,  but  in  these  fishes  the  dorsal 

rent  lack  of  infonnation  on  both  osmeroid  teeth  lie  on  the  greatl\-  elongated  vomer 

and  salmonid  phylogeny  precludes  a  par-  and  the  mesoptervgoid  is  toothless  (as  in 

simony  assessment.  all  salmonids). 

As  should  be  evident  from  our  survey  A  second  feature  shared  by  osmeroids 

of  the  most  recent  presentation  of  evi-  and  galaxiids  is  the  lack  of  a  basisphenoid 

dence    regarding   protacanthopterygian  bone,   apparentK'   a  derived  condition. 
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including  Galaxndae 


Figure  23.     Summary  cladogram  of  the  hypotheses  suggested  from  our  survey  of  primitive  euteleostean  groups.  Rela- 
tionships of  aulopiforms,  myctophiforms,  and  acanthomorphs  from  Rosen,  1973. 


This  bone  is  present  in  most  primitive 
teleosts,  including  esocoids,  argenti- 
noids,  salmonids,  and  stomiifonns.  A  ba- 
sisphenoid  is  not  present  in  ostariophy- 
sans  (Fink  and  Fink,  1981). 

Third,  osmeroids  and  galaxiids  also 
lack  an  orbitosphenoid  bone.  An  orbito- 
sphenoid  is  present  in  most  primitive  te- 
leosts, but  is  also  lacking  in  the  salmonid 
Thymallus  (Norden,  1961),  in  some 
species  of  Coregonus  (Norden,  1961), 
and  in  stomiiforms. 

The  presence  of  large,  serially  ar- 
ranged mesopterygoid  teeth  in  osmeroids 
and  galaxiids,  unique  within  the  elopo- 
cephalans,  together  with  the  absence  of 
orbitosphenoid  and  basisphenoid  bones, 
supports  the  placement  of  galaxiids  with- 
in the  osmeroid  assemblage.  Rosen  listed 
all  family  level  groups  in  the  Osmeroidea 
as  incertae  sedis;  we  would  add  to  that 
list  the  Galaxiidae,  pending  further  work. 
The  possibility  of  relationship  of  Lepi- 
dogalaxias  to  the  osmeroids  has  been 
noted  above,  based  on  the  presence  of 
serially  arranged  teeth  on  the  mesopter- 


ygoid; the  two  authors  who  have  exam- 
ined this  fish  (Mees,  1961  and  Rosen, 
1974)  disagree  on  whether  those  teeth 
are  present. 

Two  features  suggest  that  the  salmo- 
nids may  be  more  closely  related  to  the 
neoteleosts  than  to  the  rest  of  the  "prot- 
acanthopterygians."  The  first  of  these  is 
the  configuration  of  the  posterior  neuro- 
cranium  and  the  articulation  of  the  skull 
with  the  anterior  vertebra.  In  salmonids, 
the  exoccipital  as  well  as  the  basioccipi- 
tal  articulates  with  the  anterior  vertebra. 
In  Brachymystax  and  Thymallus  (see 
Norden,  1961,  PI.  2  for  Thymallus),  ex- 
occipital/basioccipital  morphology  is 
much  as  in  Diplophos.  In  almost  all  non- 
neoteleostean  and  non-salmonid  teleosts 
we  examined,  only  the  basioccipital  ar- 
ticulates with  the  anterior  vertebra.  The 
only  exception  is  Hiodon;  as  discussed 
above  in  the  section  on  stomiifonn  rela- 
tionships, the  morphology  of  the  articu- 
lation is  quite  different  in  Hiodon  and 
the  inclusion  of  the  exoccipital  in  the 
joint  seems  clearly  to  be  convergent. 
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The  second  feature  is  the  presence  of 
a  cartilage  structure  between  the  eth- 
moid and  the  premaxillae.  We  have  noted 
in  the  section  on  Relationships  of  the  Sto- 
miiformes  that  a  rostral  cartilage  is  a  neo- 
teleostean  feature.  This  single,  median 
cartilage  body  lies  between  the  ethmoid 
and  the  premaxillae  (see  Fig.  4).  In  a 
number  of  primitive  teleosts  there  is  a 
pair  of  cartilage  bodies  or  ossifications 
which  articulate  between  the  ethmoid, 
palatine,  and,  often,  the  maxilla  of  each 
side.  Patterson  and  Rosen  (1977)  tenn  a 
large,  tightly  articulated  ossification  in 
this  position  the  ethmopalatine  and  note 
that  smaller  but  possibly  homologous 
elements  are  present  in  esocoids,  cypri- 
noids  (  =  Cyprinifomies,  sensu  Fink  and 
Fink,  1981),  monnyroids  and  notopterids. 
Fink  and  Fink  (1981)  have  also  found 
them  in  Chanos  and  some  characifonns. 
We  have  observed  paired  cartilage  bod- 
ies in  several  salmonids  also,  but  they  lie 
in  a  unique  configuration  strongly 
suggestive  of  the  rostral  cartilage.  The 
cartilages  lie  anterior  rather  than  lateral 
to  the  ethmoid,  near  or  along  the  midline, 
and  are  attached  to  the  premaxillae. 
Among  the  fishes  we  examined,  the  larg- 
est of  these  bodies  were  found  in  Pro- 
sopiiim ;  in  this  fish  they  are  paired  blocks 
which  meet  at  the  midline. 

It  is  our  suggestion  that  basioccipital/ 
exoccipital  morphology,  described  above, 
and  the  presence  of  medial  cartilage  bod- 
ies between  the  ethmoid  region  and  the 
premaxillae,  both  provide  evidence  for  a 
realignment  of  the  salmonid  fishes  as  the 
sister  group  of  the  Neoteleostei.  Evi- 
dence for  relationship  of  the  salmonids 
with  argentinoids  and  osmeroids  (includ- 
ing galaxiids)  consists  of  the  presence  of 
enlarged  teeth  along  the  margin  of  the 
basihyal  and  platelike  bone  on  some 
neural  and  hemal  spines. 

In  summary'  of  this  section,  we  have 
surveyed  the  moiphology  of  teleosts  pre- 
viously considered  closely  related  to  sto- 
miilorms,  primarily  using  Rosen's  (1974) 


analysis  of  relationships  of  the  "protacan- 
thopterygian"  groups.  A  thorough  mor- 
phological study  will  be  needed  to  test 
Rosen's  hypotheses  in  detail,  but  we 
have  found  some  evidence  in  the  course 
of  the  current  study  which  may  aid  in  set- 
ting the  directions  for  future  research. 
First,  we  are  unable  to  conclude  that  the 
Protacanthopterygii  is  a  monophyletic 
group.  Esocoids  seem  to  share  no  unique 
specializations  with  the  other  included 
taxa;  we  could  list  esocoids  as  sedis  mu- 
tabilis  at  the  euteleostean  level  or  as  the 
sister  group  of  all  other  euteleosts,  de- 
pending on  placement  of  the  ostariophy- 
sans.  Second,  we  have  expressed  some 
reservation  about  inclusion  of  Lepido- 
galaxias  with  the  esocoids.  Third,  we 
have  doubts  about  a  hypothesis  of  mono- 
phyly  of  the  Argentinoidei  plus  Salmo- 
noidei  plus  Osmeroidei  (Infraorder  Sal- 
monae)  and  have  discussed  the  three 
characters  which  may  diagnose  the 
group.  Fourth,  we  agree  with  Greenwood 
and  Rosen  (1971)  on  the  monophyly  of 
the  Argentinoidei,  as  diagnosed  by  them. 
Fifth,  no  features  have  yet  been  suggest- 
ed to  support  the  proposed  hypothesis  of 
relationship  among  the  osmeroids,  sal- 
monids, and  galaxiids.  We  agree  with  Ro- 
sen's placement  of  retropinnids  {Retro- 
pinna,  Stokelia,  and  Prototroctes), 
plecoglossids,  salangids  and  osmeroids 
as  unresolved  sister  taxa,  but  we  would 
add  to  that  group  (Rosen's  Osmeroidei) 
the  Galaxiidae  (Galaxiinae  and  Aplochi- 
toninae).  And,  finally,  we  have  found 
some  characters  which  can  be  interpret- 
ed as  suggesting  a  sister  group  relation- 
ship between  salmonids  and  neoteleosts. 
The  Ostariophysi,  a  major  primitive  eu- 
teleostean lineage,  has  not  been  dealt 
with  in  detail  since  the  group  historically 
has  never  been  considered  relevant  to 
stomiiform  relationships  and  we  have 
found  no  evidence  to  suggest  that  it  is. 
Lack  of  a  toothplate  over  the  fourth  ba- 
sibranchial  is  a  character  ostariophysans 
share  with  all  non-esocoid  euteleosts.  In- 
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terrelationships  of  the  major  ostariophy- 
san  lineages  have  been  recently  analyzed 
by  Fmkand  Fmk  (1981). 

This  much  is  clear  from  our  survey  of 
the  "basal"  euteleosts — much  work  re- 
mains to  be  done  before  we  have  a  stable 
hypothesis  of  the  relationships  of  these 
major  phylogenetic  lineages. 

SUMMARY 

1.  Two  of  the  species  oi  Diplophos,  D. 
maderensis  and  D.  taenia,  are  described 
osteologically.  Certain  muscles  and  other 
parts  of  the  soft  anatomy  are  also  de- 
scribed. 

2.  Monophyly  of  the  Stomiifonnes  is 
documented  by  eight  synapomorphic 
characters,  including:  1)  photophore  mor- 
phology, 2)  Type  3  tooth  attachment 
mode,  3)  a  particular  subdivision  of  the 
adductor  mandibulae  muscle,  4)  rostro- 
dermethmoid-premaxilla  ligament  ex- 
tending from  the  ethmoid  to  the  contra- 
lateral (and  sometimes  also  the  ipsilateral) 
premaxilla,  5)  a  single,  broad,  proximal 
temiination  of  the  second  epibranchial 
which  articulates  with  both  the  second 
and  third  pharyngobranchials,  6)  poste- 
rior branchiostegal  abruptly  larger  than 
those  more  anterior,  7)  some  branchioste- 
gals  articulating  on  the  ventral  hypo- 
hyals,  and  8)  rete  mirabila  and  associated 
blood  vessels  located  at  the  posterior  of 
the  swimbladder. 

3.  Monophyly  of  the  Neoteleostei  is 
documented  by  four  synapomorphic 
characters,  including:  1)  a  retractor  dor- 
salis  muscle,  2)  a  rostral  cartilage,  3)  Type 
4  tooth  attachment  mode,  and  4)  exoccip- 
ital  and  basioccipital  bones  both  articu- 
lating with  the  vertebral  column. 

4.  Monophyly  of  the  Eurypterygii  is 
discussed  in  the  context  of  Rosen's  (1973) 
analysis;  the  group  is  tentatively  accept- 
ed as  natural,  primarily  diagnosable  by 
presence  of  a  toothplate  fused  with  the 
third  epibranchal. 

5.  The  primitive  teleostean  group  Prot- 


acanthopterygii,  most  recently  defined 
(Rosen,  1974)  (see  Fig.  22)  to  include  the 
Esocoidei,  Argentinoidei,  and  Salmo- 
noidei  (including  the  Salmonoidea  and 
Osmeroidea)  may  be  an  artificial  assem- 
blage. We  find  no  evidence  to  consider 
esocoids  closely  related  to  the  other 
members  of  the  group.  The  Argentinoi- 
dei plus  Salmonoidei  may  be  monophy- 
letic,  based  primarily  on  presence  of  en- 
larged teeth  along  the  margin  of  the 
basihyal,  but  there  is  also  evidence 
which  suggests  that  the  Salmonoidei  is 
not  monophyletic  and  that  salmonids 
may  be  the  sister  group  of  the  Neoteleos- 
tei. Galaxiids  (including  the  Aplochiton- 
inae)  are  considered  to  be  osmeroids, 
rather  than  "salmonoids"  as  proposed  by 
Rosen  (1974).  Our  alternative  hypothesis 
of  relationships  of  the  "basal"  euteleosts 
is  summarized  in  Figure  23. 
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APPENDIX 

Material  examined,  listed  by  family.  Within  a  family,  genera  are  listed  alphabetically.  For  specimens 
which  were  cleared  and  stained,  we  include  number  of  specimens  examined,  their  standard  lengths,  and 
"CS."  Specimens  which  were  dissected  are  noted  by  "D";  skeletons  are  designated  by  SK.  Specimens 
which  were  examined  externally  only  are  listed  simply  by  museum  number.  Museum  acronyms  are  DANA 
(Carlsberg  Foundation  Dana  Collections),  ISH  (Institut  fur  Seefisherei,  Hamburg),  MCZ  (Museum  of 
Comparative  Zoology-,  Harvard  University),  SU  (Stanford  University,  collection  now  housed  at  the  Cali- 
fornia Ac  '"^my  of  Sciences,  San  Francisco),  and  USNM  (National  Museum  of  Natural  Histor>',  Washing- 
ton, D.C). 


TAXON 

Osteoglossidae 

Scleropages  sp. 
Hiodontidae 

Hiodon  tergisus 
Elopidae 

Elops  saiirus 
Megalopidae 

Megalops  cyprinoides 
Denticipitidae 

Denticeps  clupeoides 

Denticeps  clupeoides 
Chirocentridae 

Chirocentrus  dorcib 
Clupeidae 

Dorosoma  sinithi 

Etrumeus  sadinia 
Umbridae 

Dallia  pectorcdis 

Umbra  limi 
Esocidae 

Esox  niger 
Argentinidae 

Argentina  striata 

Glossanodon  struhsakeri 
Bathylagidae 

Bathylagits  ochotensis 
Salmonidae 

Brachymystax  lenok 

Coregonus  stanleyi 

Coregonus  sp. 

Coregonus  sp. 

Cristivomer  namaycush 

Hucho  hucho 

Prosopium  coidteri 

Salmo  gairdneri 

Thy  mail  us  arcticus 
Osmeridae 

Hypomesus  pretiosus 

Hypomesus  pretiosus 

Mallotus  villosus 

Mallotus  villosus 

Osmerus  mordax 

Os merits  mordax 

Spirinchus  thaleichthus 
Plecoglossidae 

Plecoglossus  altivelis 

Plecoglossus  altivelis 


MUSEUM  NO. 


NO. 


SIZE  (mm)     PROC. 


MCZ  54924 

1 

61.6 

CS 

USNM  167970 

2 

70-72 

CS 

USNM  128290 

2 

67.0-111.2 

CS 

USNM  199836 

2 

68.0-73.0 

CS 

USNM  195992 
MCZ  56428 

1 
1 

DAMAGED 

32.6 

CS 
CS 

MCZ  41825 

2 

DAMAGED 

CS 

USNM  225024 
USNM  188950 

1 
2 

56.2 
80-81 

CS 
CS 

USNM  111643 
USNM  193184 

1 
1 

112.8 

58.7 

CS 
CS 

MCZ  56945 

2 

91.1-94.0 

CS 

USNM  188224 

USNM  36418 

2 
1 

112-125 
117.0 

CS 
CS 

USNM  199826 

1 

DAMAGED 

CS 

USNM  105110 
MCZ  52007 
MCZ  uncat. 
MCZ  uncat. 
MCZ  52577 
MCZ  7003 
USNM  102375 
CAS(SU)  49265 
MCZ  32362 

1 
1 

1 
1 
1 

2 
4 

112 
146 

131 

84.8-88.2 
68-72 

CS 

D,CS 

SK 

SK 

CS 

CS 
CS 

MCZ  32720 
USNM  10472 
USNM  1.30.301 
MCZ  39849 
MCZ  56535 
MCZ  57013 
MCZ  104689 

1 
4 
3 

1 
2 

2 

156.0 
92-116 
87.8-104.7 

154.0 

40.5-58.1 
108.5-115.6 

CS 

CS 
CS 

CS 
CS 
CS 

MCZ  4014 
MCZ  29028 
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Retropinnidae 

Protofroctes  miiraena 

Retropinna  retropinna 
Salangidae 

Salanx  inicrodon 
Galaxiidae 

Aplochiton  zebra 

Brachy^alaxias  huUocki 

Galaxias  maculatus 

Galaxias  anomahis 

Galaxias  delfini 

Gonostomatidae 

Ci/clofhone  pallida 

Diplophos  greijae 

Diplophos  maderensis 

Diplophos  maderensis 

Diplophos  maderensis 

Diplophos  rebainsi 

Diplophos  rebainsi 

Diplophos  rebainsi 

Diplophos  taenia 

Diplophos  taenia 

Diplophos  taenia 

Diplophos  taenia 

Diplophos  taenia 

Diplophos  taenia 

Gonostoma  elongatum 

Gonostoma  elongatum 

Murgrethia  obtusirostra 

Triplophos  hemingi 
Steriioptychidae 

Argyro})eleciis  lychntts 

Argyropelecus  olfersi 

Manrolictis  muelleri 

Pohjipnns  polli 
Photichthya* 

Aristostomias  grimaldii 

Astronesthes  sp. 

Astronesthes  gemmifer 

Astronesthes  lucifer 

Chauliodus  sclunidti 

Echiostoma  sp. 

Heferophottis  ophistoma 

Ich th yococcus  i rregu la ris 

Idiacan  thus  fasciola 

Idiacanthus  fasciola 

Macrostomias  longiharlxitus 

Malacosteus  niger 

Melanostomias  cf.  biseriatus 

Melanostomias  sp. 

Seonesthes  capensis 

Photich  th !/.s  argen teus 

Photichthijs  argent eus 

Photichthys  argenteus 

Photonectes  margarita 


MCZ  6867 
USXM  201161 

MCZ  25485 


78.9 


CS 


MCZ 
MCZ 
MCZ 
MCZ 
MCZ 


46272 
46306 
46301 
46293 
46284 


MCZ  56961 
USX.M  135691 
MCZ  54303 
MCZ  56952 
USX.M  186282 
USNM  225012 
ISH  543-76 
ISH  73-76 
MCZ  54302 
MCZ  52536 
MCZ  52569 
MCZ  52548 
MCZ  55469 
USXM  206614 
MCZ  53133 
MCZ  56964 
MCZ  56967 
USNM  199832 

MCZ  56948 
MCZ  .56969 
MCZ  56949 
MCZ  56965 

MCZ  57014 
MCZ  56951 
MCZ  42864 
USXM  225046 
USNM  225045 
USNM  199839 
USNM  225025 
USNM  201385 
DAN.\3784-\'III 
MCZ  57012 
USNM  225035 
MCZ  53286 
USN.Vl  199847 
MCZ  56955 
USNM  199823 
MCZ  56953 
MCZ  56950 
USNM  20.3407 
MCZ  57010 


21 

25-30 

CS 

20 

45-65 

CS 

14 

25-57 

CS 

2 

44-71 

CS 

1 

D 

2 

D 

105.8 

CS,part 

110 

CS 

D 

111.5 

CS 

252.0 

CS.part 

184.3 

CS 

D 

D 

34.0-62.0 

CS 

D 

171.0 

CS 

233.0 

CS 

D 

D 

175 

CS 

D 

D 

D 

D 

140.0 

CS 

D 

D 

141.8 

CS 

51.2-165.0 

CS 

264.7-275.7 

CS 

133.2 

CS 

39.5 

CS 

323.3 

CS 

470.0 

CS 

205.5 

CS 

124.1 

CS 

193.5 

CS 

D 

114.1 

CS 

D 

D 

93.1 

CS 

1 

159.0 

CS 

*  Infraorder,  not  divided  into  families. 
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Photostomia.s  ^iieniei 
Pollichtht/.s  DHiuli 
Pollichthys  niauli 
PoUjinetvie  con/tJieola 
Pohjmetme  conjtheola 
Pohjmetine  conjtheola 
Polymetme  conjtheola 
Rhadinesthes  decimus 
Stomias  boa 
Tactostoma  macropus 
Tactostoma  macropus 
Trigonolanipa  miriceps 
Vinciguerria  lucetia 
Woodsia  nonsuchae 

Aulopitlae 
Aulopus  filamentosus 
Aulopus  nanae 

Bath>  sauridae 
Ba th ijsa u ris  mollis 

Chloropthaliiiidae 
Ch lorop thalm us  agassizii 
Chloropthalm us  agassizii 

Synodontidae 
Synodus  intermedius 

Paralepididae 
Paralepis  elongata 

Xeoscopelidae 
Neoscopelus  luacrolepidotus 
Xeoscopelus  macrolepidotus 

Nhctophidae 
Lampanyctus  iselinoides 
Lampanyctus  tenuiformis 
Lepidophaiies  guentheri 
Myctophum  affine 
Myctophum  asperum 
Notoscopelus  kroyeri 
Taaningichthys  bathyphilus 
Talismania  homoptera 
Triphotunis  mexicanus 

Percopsidae 
Percopsis  omiscomaycus 

Apogonidae 

Sytiagrops  microcephalus 

Percidae 
Perca  flavescens 

CoiA'phaenidae 
Conjphaena  hippurus 


USNM  225027 

1         127.2 

CS 

USNM  201278 

2          32.5- 

-35.0 

CS 

MCZ  56954 

D 

MCZ  56968 

D 

MCZ  40918 

D 

USXM  199507 

1         174.0 

CS 

USNM  225166 

D 

USNM  225044 

1        325.0 

CS 

.MCZ  53384 

1        225 

CS 

MCZ  57011 

1         168.0 

CS 

USNM  187654 

1         124.4 

CS 

USNM  206683 

1         166.9 

CS 

USNM  201315 

12          17.0-47.6 

CS 

.MCZ  49083 

D 

USNM  225043 

2        143-173 

CS,D 

MCZ  40516 

D 

MCZ  40518 

D 

MCZ  40539 

D 

USN.M  159377 

1         121 

CS 

MCZ  46617 

1         123 

CS 
D 

MCZ  43129 

1         129 

CS 

MCZ  35596 

D 

USNM  188056 

2        116-117 

CS,D 

MCZ  52900 

D 

MCZ  56963 

D 

MCZ  56960 

D 

MCZ  56947 

2          62.6- 

70.0 

CS 

MCZ  56966 

D 

MCZ  55532 

D 

MCZ  53796 

D 

MCZ  51959 

D 

MCZ  56962 

D 

MCZ  41221 

1          56 

CS 

MCZ  56946 

1          54.3 

CS 

MCZ  48920 

1          68.4 

CS 

MCZ  56944 

1          69.5 

CS 
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Abstract.  The  phylogenetic  relationships  of  ray- 
finned  fishes  are  critically  reviewed,  and  major  fea- 
tures in  the  evolution  of  actinopterygian  fishes  are 
discussed  and  summarized.  Significant  progress  has 
been  made  over  the  last  fifteen  years  in  defining 
the  interrelationships  of  ray-finned  fishes,  but  much 
of  this  progress  has  not  been  widely  noted,  espe- 
cially by  experimental  biologists.  Several  currently 
accepted  higher  taxa  are  only  poorly  defined  (e.g., 
the  Acanthopterygii)  while  others  are  not  corrobo- 
rated by  any  uniquely  derived  features  (the  Prota- 
canthopterygii  and  Paracanthopterygii).  These  taxa 
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^  Museum  of  Comparative  Zoology,  Hanard  Uni- 
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Note:  Order  of  authorship  is  alphabetical. 


exemplify  areas  in  need  of  reexamination  by  sys- 
tematic ichthyologists. 


INTRODUCTION 

The  ray-finned  fishes  comprising  the 
subclass  Actinopterygii  form  by  far  the 
most  diverse  group  of  vertebrates.  With 
ahnost  23,000  species  of  actinopterygian 
fishes  known,  they  total  more  than  half  of 
all  extant  vertebrate  species  and  have  di- 
versified to  an  extent  unparalleled  within 
the  chordates.  This  tremendous  radiation 
has  resulted  in  extensive  variation  not 
only  in  morphology  but  also  in  behavior 
and  ecology,  and  members  of  the  most 
advanced  group  of  actinopterygians,  the 
Teleostei,  have  penetrated  virtually  every 
conceivable  habitat  and  range  from  the 
ocean  depths  (-11,000  m)  to  high  moun- 
tain streams  (+4,500  m)  and  from  hot 
springs  (43°  C)  to  subfreezing  water  (-1.8° 
C)  (Lagler  et  «/.,  1977;  J.  Nelson,  1976; 
Somero  and  De  Vries,  1967).  Teleosts  also 
contain  the  smallest  adult  vertebrates, 
with  one  species  becoming  adult  at  7.5 
mm  or  less  (Miller,  1979).  While  this  di- 
versity has  provided  fertile  ground  for 
comparative  studies  on  actinopterygian 
anatomy,  behavior,  and  ecology,  it  has  also 
compoinided  the  problems  faced  by  sys- 
tematic ichthyologists  in  unravelling  the 
interrelationships  and  evolutionary  his- 
tory of  the  actinopterygian  fishes.  In  the 
last  fifteen  years,  and  especially  since  the 
monograph  by  Greenwood  et  al.  (1966), 
considerable  progress  has  been  made  in 
determining  the  relationships  between 
the   various   major  groups   of  ray-finned 
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fishes.  The  primary  goals  of  this  review  uniquely   derived   structural   attributes, 

will  be  to  summarize  the  recent  advances  The   large   degree   of  recent   success 

in  phylogenetic  reconstruction,   present  achieved  in  this  endeavor  is  manifested 

these  data  in  a  form  that  will  be  of  use  to  by  the  number  of  corroborated  nested  sets 

ichth>'ologists,    vertebrate    paleontolo-  of  structural  features  (see,  for  example, 

gists,  and  comparative  and  experimental  Figures  1,  14,  and  19)  which  can  serve  as 

biologists  in  general,  and  to  integrate  ma-  a  basis  for  interpretations  of  evolutionary 

jor  recent  discoveries  in  functional  mor-  trends  and  processes. 

phology  into  a  phylogenetic  context.  The  An  alternative  approach,  the  analysis  of 
lack  of  a  current  critical  review  of  pro-  the  pattern  of  diversification  in  terms  of 
gress  and  problems  in  the  analysis  of  ac-  general  grades  of  evolutionary  "advance- 
tinopterygian  evolution  has  stimulated  ment,"  tends  to  obscure  phylogenetic 
this  paper.  We  have  not  attempted  an  ex-  (genealogical)  patterns  and  conceals  evo- 
haustive  survey  of  the  literature  on  actin-  lutionary  sequences  of  structural  change, 
opterygian  fishes,  nor  have  we  solved  We  will  precisely  define  the  various  ac- 
many  of  the  current  problems  in  fish  phy-  tinopterygian  groups,  where  possible,  in 
logenetics.  Rather,  we  highlight  those  terms  of  monophyletic  lineages;. in  sev- 
areas  most  in  need  of  further  work,  and  eral  cases  insufficient  information  is 
rely  heavily,  but  not  exclusively,  on  the  available  to  define  certain  currently  ac- 
literature  for  characters  supporting  mon-  cepted  major  taxa  as  natural  groups, 
ophyly  of  the  major  actinopterygian  The  relationships  of  the  actinopterygi- 
subgroups.  In  providing  a  general  critical  an  fishes  to  the  other  major  groups  of  low- 
review,  we  hope  to  clearly  define  the  er  vertebrates  will  be  examined  briefly 
areas  in  which  current  data  are  inade-  before  we  turn  to  a  consideration  of  the 
quate  to  support  both  hypotheses  of  re-  relationships  and  general  biology  of  the 
lationship  and  functional  evolutionary  actinopterygian  subgroups.  An  under- 
scenarios,  as  well  as  to  contribute  new  standing  of  structural  patterns  and  trends 
ideas  and  suggestions  for  resolving  prob-  in  the  diversification  of  the  ray-finned 
lems  of  pattern  and  process  in  acti-  fishes  is  of  critical  importance  for  a  mean- 
nopterygian  evolution.  ingful   analysis   of  actinopterygian   func- 

Recent  advances  in  deciphering  acti-  tional  morphology  and  evolution, 
noptervgian  phylogenetic  patterns  have 

been  primanly  achieved  by  applying  the  RELATIONSHIPS  OF  THE 

principles  of  phylogeny  construction  for-  aCTINOPTERYGII 
mulated  by  Hennig  (1966).  (More  recent 

summaries  of  genealogical  methodology  In  recent  years  the  interrelationships 

mav  be  found  in  Eldredge  and  Cracraft,  of  the  major  groups  of  lower  vertebrates 

1980;  Gaffney,  1979;  Wiley,  1975,  1976.)  have  been  considered  in  detail  b\   \ar- 

In  presenting  a  review  of  actinopterygian  ions  investigators,  but  a  consensus  has  not 

relationships  and  biology,  then,  we  will  emerged.    Romer    (1966),    G.    Nelson 

emphasize  monophyletic  assemblages  of  (1969a),  Gardiner  (1973),  and  Miles  (1977) 

taxa  {scn.su  Hennig)  defined  as  follows:  a  have  all  proposed  differing  hxpotheses  of 

monophyletic  taxon  is  a  group  stemming  how  the  Actinopterygii  (ray-finned  fish- 

from  a  single  common  ancestor  and  con-  es),    Actinistia    (coelacanths),    Dipnoi 

taining  all    known   descendants   of  that  (lungfishes),  and  "rhipidistian"  fishes  and 

ancestor.  In  recent  years,  systematic  ich-  tetrapods   are   related   (also   see    Forey, 

thyologists   have    increasingly   regarded  1980;  jarxik,  1980;  Loxtrup,  1977;  Rosen 

monophyletic  lineages  as  representing  et  al.,  1981;  Wiley,  1979a). 

natural  evolutionary  units,  and  have  at-  In  Figure  1  we  present  one  hypothesis 

tempted  to  identify  monophyletic  taxa  by  of  the  interrelationships  of  these  groups 
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Figure  1.  Branching  diagram  (ciadogram)  representing  the  phylogeny  of  the  major  groups  of  lower  vertebrates.  This 
and  subsequent  cladograms  show  the  historical  sequence  of  character  acquisition  in  the  lineage  and  reflects  the  ge- 
nealogical relationships  of  the  terminal  taxa.  The  characters  that  indicate  relationship  between  the  various  lineages  are 
represented  by  a  black  bar  at  the  appropriate  level.  Note  that  several  of  the  characters  listed  on  the  cladograms  apply 
only  to  living  forms  and  thus  do  not  corroborate  the  location  of  fossil  taxa.  The  discovery  of  new  fossil  material  or  new 
anatomical  features  in  extant  taxa  may  change  the  level  at  which  any  given  character  indicates  shared  ancestry.  The 
characters  are:  1,  the  presence  of  three  semicircular  canals  (placoderms  also  share  this  feature);  2,  the  presence  of  a 
ventral  otic  fissure  between  the  embryonic  trabecular  and  parachordal  segments  of  the  chondrocranium;  3,  the  presence 
of  a  lateral  occipital  braincase  fissure;  4,  five  other  characters  listed  by  Rosen  ef  a/.  (1981)  including  branchial  arches 
consisting  of  basibranchial,  hypobranchial,  ceratobranchial,  epibranchial  and  pharyngobranchial  elements,  and  internal 
supporting  girdles  for  the  pectoral  and  pelvic  appendages:  for  further  discussion  of  elasmobranchiomorphs  and  other 
characters  at  this  level  see  Maisey,  1980,  1982;  Schaeffer,  1981;  Schultze  and  Trueb,  1981;  5,  ossified  dermal  opercular 
plate(s)  covering  the  gills  laterally;  6,  presence  of  an  interhyal  bone  in  the  hyoid  arch  (Gardiner,  1973:  129);  7,  bran- 
chiostegal  rays  present  (Miles.  1973);  8,  mandibular  depression  primarily  mediated  by  posteroventral  rotation  of  the 
hyoid  apparatus  (inferred  from  the  similarity  of  the  hyoid — palatoquadrate  relationships  to  that  in  ostelchthyans  (see 
Lauder,  1980c;  Miles,  1973),  and  a  mandibulohyoid  ligament  is  inferred  to  have  been  present);  9,  sclerotic  ring  present 
(see  Miles,  1973;  Moy-Thomas  and  Miles,  1971);  10,  transversi  ventrales  gill  arch  muscles  present  (Wiley,  1979);  11, 
interarcuales  ventrales  muscles  present  (Wiley,  1979);  12,  hypohyal  bones  present  in  the  hyoid  arch  (Gardiner,  1973; 
Miles,  1973),  13,  medial  insertion  of  the  adductor  mandibulae  complex  in  the  mandibular  fossa  (Lauder,  1980b);  14, 
pleural  ribs  present  (Schaeffer,  1968);  15,  lepidotrichia  present  (see  text);  16,  unique  ossification  pattern  in  the  dermal 
shoulder  girdle  (suprascapular,  supracleithrum,  cleithrum,  and  clavicle;  Schaeffer,  1968) — many  other  characters  cor- 
roborating a  monophyletic  osteichthyes  are  listed  in  Rosen  et  al.  (1981);  17,  true  enamel  present  on  the  tooth  surface 
(Smith,  1978);  18,  double  articulation  of  the  hyomandibula  with  the  neurocranium  (Gardiner,  1973);  19,  unique  supporting 
skeleton  in  paired  fins;  20,  presence  of  an  endoskeletal  urohyal  (Patterson,  1977);  21,  last  gill  arch  articulates  with  base  of 
preceding  arch  (Rosen  etal.,  1981 :  257);  22,  muscular  lobes  form  the  base  of  pelvic  and  pectoral  appendages  (Rosen  etal., 
1981);  23,  anocleithrum  subdermal  (Rosen  etal.,  1981 ;  additional  characters  are  also  given  in  this  paper);  24,  presence  of  a 
choana  (see  Rosen  ef  al.  [1981 1  for  a  detailed  discussion  of  this  controversial  character);  25,  structure  of  the  pelvic  girdle 
(Rosen  et  al.,  1981);  26,  the  presence  of  multiple  pharyngoclaviculari  muscles  (Wiley,  1979a);  27,  numerous  other  features 
of  soft  anatomy  such  as  partially  divided  conus  arteriosus,  an  atrial  septum,  and  ciliation  of  larval  forms  (see  Gardiner, 
1973;  Rosen  ef  al.,  1981 ;  Whiting  and  Bone,  1980);  28,  dermal  bone  pattern  covering  the  braincase;  29,  loss  of  interhyal; 
30,  structure  of  the  pelvic  and  pectoral  appendage  (see  Rosen  ef  al.  [1981 1  for  an  extended  discussion). 
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Figure  2.     Climatius  reticulatus,  a  Lower  Devonian  acanthodian  fish.  (From  Moy-Thomas  and  Miles  |1971|,  courtesy  of 
W.  B.  Saunders  Publishing  Co.) 


based  on  an  analysis  of  the  distribution 
of  various  characters  (hsted  in  the  cap- 
tion). This  figure  indicates  that  the  acti- 
nopterygians  share  a  common  ancestor 
with  a  group  consisting  of  tlie  coela- 
canths  (Actinistia),  lungfishes,  and  tetra- 
pods,  and  that  these  two  groups  together 
share  a  common  ancestor  with  the  acan- 
thodian fishes. 

The  Acanthodii,  often  very  inappro- 
priately called  "spiny  sharks,"  first  ap- 
pear in  the  fossil  record  in  the  Lower  Si- 
lurian. They  are  the  most  primitive 
members  of  the  teleostome  fishes  (Fig.  1) 
and  are  characterized  by  pectoral  fin 
spines,  strong  spines  anterior  to  the  dor- 
sal and  anal  fins,  and  the  presence  of  nu- 
merous small  bony  plates  which  form  a 
protective  cover  over  the  branchial  cham- 
ber (Fig.  2).  Primitively  the  acanthodian 
fishes  possess  two  dorsal  fins  which  have 
internal  unsegmented  stiffening  rays 
(Moy-Thomas  and  Miles,  1971).  These 
fishes  have  rather  large  eyes  relative  to 
their  head  size  and  are  generally  as- 
sumed to  have  fed  in  the  midwater  or  on 
the  surface. 

The  Actinistia  or  coelacanths  (Fig.  3) 
are  first  known  from  the  Middle  Devo- 
nian and  are  represented  today  by  the 
single  genus,  Latimeria,  discovered  in 
1938  off  East  London,  South  Africa.  The 
coelacanths  have  two  dorsal  fins,  two  ex- 
ternal nostrils,  and  an  intracranial  joint — 
a  division  between  the  anterior  and  pos- 
terior portions  of  the  cranium  allowing  the 


anterior  (ethmosphenoid)  portion  to  be 
elevated  during  feeding  (see  Lauder, 
1980a;  Thomson,  1966,  1967).  The  caudal 
fin  of  coelacanths  has  a  characteristic  di- 
phycercal  or  "tassel  shape"  (Fig.  3)  with 
a  central  caudal  lobe  flanked  dorsally  and 
ventrally  by  two  additional  lobes.  In  De- 
vonian coelacanths  the  brain  appears  to 
have  nearly  filled  the  cranial  cavity  (Sten- 
sio,  1963)  while  in  the  recent  Lafiiueria 
the  brain  in  the  adult  is  significantly 
smaller  than  the  cranial  cavity,  occupying 
only  the  otico-occipital  division  of  the 
braincase  and  less  than  1  percent  of  the 
total  endocranial  volume  (Nieuwenhuys 
et  (iL,  1977).  Throughout  the  long  evo- 
lutionary history  of  the  actinists  their 
morphology  has  remained  remarkabh' 
constant  although  there  has  been  a  gen- 
eral trend  towards  a  reduction  in  neuro- 
cranial  ossification  (see  Forey  [1981]  for 
a  consideration  ofcoelacanth  phylogeny). 
The  Dipnoi  or  lungfishes  (Fig.  4)  orig- 
inated in  the  Lower  Devonian  and  have 
a  long  history  culminating  in  three  extant 
genera  (Thomson,  1969).  The  earliest 
lungfishes  differ  greatly  from  the  living 
forms.  Primitively  lungfishes  possess  two 
dorsal  fins,  a  mosaic  pattern  of  dermal 
skull  elements  which  are  difficult  to  ho- 
mologize  with  skull  bones  in  other  oste- 
ichthyian  groups,  and  thick  cosmoid 
scales.  The  modern  genera  of  lungfishes, 
Neoceratodus  (Australian;  one  species), 
Protopterus  (African;  four  species),  and 
Lepidosircn    (Soirth    American,    one 
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Figure  3.  A.  An  early  fossil  coelacanth,  Diplurus  newarki.  (From  Schaeffer,  1952.)  B.  The  living  coelacanth,  Latimeria. 
(From  "The  Vertebrate  Body,  "  5th  Ed.  by  A.  S.  Romer  and  T.  S.  Parsons.  Copyright  1977  by  W.  B.  Saunders  Co.  Reprinted 
by  permission  of  Holt,  Rinehart,  and  Winston  Co.) 


species)  have  scales  embedded  in  the  skin 
and  have  continuous  dorsal,  caudal,  and 
anal  fins  (Fig.  4).  Despite  these  special- 
izations and  reduced  ossification  in  living 
forms,  four  primitive  features  have  been 
retained  in  living  lungfishes:  three  pairs 
of  peculiar  ridged  tooth  plates,  the  lack 
of  marginal  toothbearing  jaw  bones,  an 
autostylic  palatoquadrate  fused  to  the 
neurocranium,  and  a  greatly  reduced  hy- 
omandibula.  The  Dipnoi  share  several 
important  features  of  the  circulatory  sys- 
tem, as  well  as  other  characters  (Fig.  1) 
with  the  Tetrapoda  (Rosen  ef  al.,  1981). 


Rosen  et  al.  (1981),  in  the  course  of  ex- 
amining the  relationships  of  lungfishes, 
have  also  considered  the  phylogenetic 
position  of  the  so-called  rhipidistian  fish- 
es (Fig.  5).  Although  the  rhipidistians 
have  traditionally  been  considered  as  an- 
cestral to  tetrapods  (Andrews  and  Wes- 
tell, 1970a,  b;  Romer,  1966;  Thomson, 
1964),  Rosen  et  al.  (1981)  show  that  one 
group  of  "rhipidistians,"  the  Porolepi- 
formes,  is  related  to  coelacanths  and 
choanates  (Fig.  1),  while  Eusthenopteron 
is  considerably  more  primitive  than  had 
previously  been  supposed  (Fig.  1).  The 


100         BuJh'fiu  Museum  of  Comparative  Zoolofiy.  Vol.  150,  No.  3 


A 


dorsal  lateral-line 
cleithrum 


anterior  dorsal  fin- 
main  lateral -line- 


postenor  (^iorsal  fin 

:^fe^  epichordal  fin 


clavicle 

pectoral  fin 


ventral  lateral -line 


hypochordal  lobe- 


B 


Figure  4.  A.  A  Middle  Devonian  lungfish,  Dipterus  valenciennesi.  (From  Moy-Thomas  and  Miles  [1971 1,  courtesy  of  W. 
B.  Saunders  Publishing  Co.)  B.  The  living  Australian  lungfish,  Neoceratodus  forsterl.  (From  Romer  and  Parsons  (1977|, 
courtesy  of  C.B.S.  College  Publishing.) 


Rhipidistia  ai'e  thus  u  paraphyletic  group 
and  are  not  characterized  by  uniquely  de- 
rived featines.  Porolepiformes  possess 
two  dorsal  fins,  and  many  "rhipidistians" 
also  have  an  intracranial  kinetic  joint.  The 
ventral  part  ot  this  joint  appears  to  be  a 
primitive  teleostome  feature  (Fig.  1)  while 
the  dorsal  portion  of  the  joint  appears  to 
be  nonhomologous  in  coelacanths  and 
"rhipidistians"  (Rosen  et  al.,  1981;  Wi- 
ley, 19791),  1980).  The  tunctional  anato- 
m\  ol  the  kinetic  mechanism  is  also  very 
different  in  these  two  groups  (Thomson, 
1967). 

Turning  now  to  the  Actinopterygii  or 
ra\-finned  fishes,  named  lor  the  dermal, 
segmented,  ray-like  supports  within  the 
fins,  it  is  clear  that  despite  considerable 
research  on  other  osteichthyian  groups. 


few  if  any  investigators  have  explicitly 
tested  the  hypothesis  of  actinopterygian 
monophyly.  The  Actinopterygii  have 
imdergone  an  e.\tensi\e  radiation  since 
their  first  well-established  appearance  in 
the  Lower  Devonian,  and  this  tremen- 
dous diversity  of  morphology  and  habit 
as  well  as  the  historical  interplay  be- 
tween neontologv  and  paleontolog\'  (Pat- 
terson, 1982)  has  hindered  the  develop- 
ment of  a  comprehensive  definition  of  the 
Actinopterygii.  Actin'^pterygian  mono- 
phyly is  usually  assumed. 

Patterson  (1982)  has  recently  investi- 
gated the  (juestion  of  actinopterygian 
monophyly  in  detail  and  has  concluded 
that  the  principal  difficultv  in  character- 
izing the  Actinopterygii  has  been  the 
confusing  pattern   of  character  distribu- 
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Figure  5.  A.  Holoptychus.  a  Late  Paleozoic  porolepiform.  Rosen  ef  al.  (1981)  place  the  porolepiformes  at  the  node 
joining  the  actinists  and  the  Choanata  (Fig.  1)  thus  forming  an  unresolved  trichotomy.  Porolepiform  anatomy  is  poorly 
known.  B.  Eusthenopteron  foordi,  an  Upper  Devonian  sarcopterygian  placed  by  Rosen  ef  al.  (1981)  as  the  sister  group 
to  the  sarcopterygians.  Many  of  the  characters  shared  by  Eusthenopteron  and  early  tetrapods  and  commonly  believed 
to  be  indicative  of  relationship  now  appear  also  to  be  shared  with  coelacanths,  porolepiforms,  and  lungfishes.  These 
features  thus  corroborate  a  monophyletic  assemblage  composed  of  Eusthenopteron  and  the  Sarcopterygii  (Fig.  1). 
(From  Andrews  [1973],  reprinted  by  permission  of  the  Council  of  the  Linnean  Society  of  London.) 


tion  when  living  relic  forms  such  as  Po- 
lypterus  and  Lepisosteus  are  considered. 
Patterson  (1982:  Fig.  3B)  lists  seven  char- 
acters of  the  Actinopterygii  which  unite 
the  primitive  fossil  form  Cheirolepis,  Po- 
hjpterus,  and  all  higher  ray-finned  fishes 
into  a  monophyletic  group  (Fig.  6).  Two 
of  these  are  discussed  here. 

Actinopterygian  fishes  share  a  unique 
scale  histology,  the  ganoid  scale,  with  an 
outer  lamellar  layer  (ganoine),  a  central 
dentinous  layer  with  vascular  canals,  and 
a  deep  layer  of  spongy  bone  (Goodrich, 
1908;  Gross,  1966;  Moy-Thomas  and 
Miles,  1971;  Patterson,  1982;  Pearson, 
1982;  also  Schultze,  1977).  These  scales 
are  rhomboid  in  shape,  have  a  dorsally 


directed  peg  that  fits  into  a  socket  on  the 
adjacent  dorsal  scale  (Fig.  7D),  and  are 
arranged  in  sloping  diagonal  rows  along 
the  body  (Fig.  7).  A  unique  pectoral  fin 
structure  is  shared  by  all  actinopterygi- 
ans  which  have  an  expanded  propterygial 
element  of  the  pectoral  fin  base  and  an 
extensive  articular  surface  with  the  en- 
doskeletal  shoulder  girdle  (Jessen,  1972; 
Rosen  et  ciL,  1981). 

Rosen  et  al.  (1981)  mention  two  addi- 
tional characters  relevant  to  actinoptery- 
gian monophyly.  1)  Acrodin,  a  dentinous 
tissue  (Orvig,  1978),  forms  a  cap  on  the 
teeth  of  many  ray-finned  fishes  (Patter- 
son, 1982),  including  many  primitive  fos- 
sil taxa  and  Pohjpterus.  2)  The  pelvic  gir- 


102         Bulletin  Museum  of  Comixinitive  Zoology,  Vol.  150,  No.  3 


die  of  actinopterygians   has   a  greatly  (Geraudie  and  Meunier,  1980:  637;  also 

expanded   metapterygium   which   sup-  see  Patterson,  1977a:  113).  Based  on  these 

ports  the  fin  radials.  The  metapterygium  data  and  the  work  of  Goodrich   (1904), 

may  be  composed  of  smaller  separate  car-  Geraudie  (1980),  Kemp  (1977),  and  Pat- 

tilages  in  juveniles,  but  in  adults  the  car-  terson  (1977a),  the  following  phylogenet- 

tilages  are  generally  fused  together.  The  ic  hypothesis  of  intrinsic  fin  supports  may 

ontogenetic  fusion  of  internal  pelvic  car-  be  proposed  for  future  detailed  exami- 

tilages   into  a   larger  adult   structure   is  nation.  Collagenous  fin  rays  composed  of 

unique   to  ray-finned  fishes.   Early   ray-  elastoiden   are   primitive   for   gnathos- 

finned  fishes  also  possess  a  single  dorsal  tomes,  with  a  derived  state  consisting  of 

fin  (Figs.  6,  7).  Acanthodians,  actinistians,  a  terminal   "actinotrich"   located  at  the 

and  lungfishes  all  primitively  possess  two  distal  end  of  tlie  fin  rays,  and  lepidotrich- 

dorsal  fins  while  primitive  actinopteryg-  ia   which    are   both    segmented   and   os- 

ians,  the  paleoniscoid  fishes,  have  only  a  sified,  corroborating  a  monophyletic  Os- 

single  dorsal  fin.  This  feature  is  remark-  teichthyes  (Fig.  1).  An  ontogenetic  study 

ably  constant  throughout  the  entire  acti-  of  dipnoan  fin  rays  is  needed  to  flesh  out 

nopterygian  radiation  although  the  dorsal  this  hypothesis,  as  Patterson  (1977a)  sug- 

fin  has  been  lost  or  highly  modified  in  gests  that  the  dipnoan  "camptotrichia"  are 

several  groups,  and  in  the  more  advanced  really  ceratotrichia/actinotrichia  with  an 

teleostean  fishes  the  fin  is  subdivided  into  outer  ossified  face,  a  view  not  considered 

an  anterior  spiny  portion  and  a  posterior  by  Geraudie  and  Meunier  (1982)  in  their 

soft-rayed  section.  analysis  of  camptotrich  structure. 
One  last  noteworthy  feature  of  actino- 

pterygians  is  the  nature  of  the  fin  articu-  pR,M|TIVE  ACTINOPTERYGIAN 

lation:  median  tins  are  supported  inter-  piqupq 
nally  by  paired  segmented  dermal  rays 

(lepidotrichia),  and  these  are  attached  to  The   early   actinopterygian   fishes   are 

an  internal  skeleton  which  does  not  ex-  usually  included  in  the  Infraclass  Chon- 

tend  into  the  fin  at  the  fin  base.  Between  drostei  (Alexander,  1967;  Bailey  and  Cav- 

the  distal  ends  of  each  pair  of  lepidotrich-  ender,  1971;  Gosline,  1971;  Lagler  et  at., 

ia  lies  an  unsegmented  actinotrich  made  1977;  J.  Nelson,  1976;  Homer,  1966).  This 

of  elastoidin,  a  fibrous  collagenous  pro-  grouping  results  more  from  a  lack  of  in- 

tein  (Arita,  1971;  Geraudie  and  Meunier,  formation  on  the  relationships  of  the  ear- 

1980;   Videler,    1975).   This   morphology  ly  ray-finned  fishes  than  from  the  expec- 

may  be  correlated  with  an  increase  in  fin  tation  that  "chondrosteans"  actually  form 

mobility   and   greater   maneuverability  a  natural  group.  The  "Chondrostei"  usu- 

during  locomotion.  Actinotrichia  are  also  ally  includes  a  diverse  assemblage  of  fos- 

found  in  coelacanths  (Geraudie  and  Men-  sil  and  living  taxa  and  is  demonstrably 

nier,  1980)  and  bear  a  close  similarity  both  paraphyletic  (Schaeffer,  1973).  Since  this 

in  chemical  composition  and  fine  struc-  grouping  tends  to  obscure  the  phyletic 

ture  to  selachian  ceratotrichia.  This  raises  relationships  of  primitive  actinopterygi- 

the  possibility  that  actinopterygian  acti-  ans,  we  will  follow  Patterson  (1982)  in 

notiichia  are  homologous  to  selachian  cer-  restricting  use  of  Chondrostei  to  refer  to 

atotrichia  (suggested  by  Goodrich,  1904),  a  monophyletic  clade  composed  of  stur- 

as  both  are  composed  of  elastoidin,  are  geons,  paddlefishes,  and  closely  related 

not  mineralized,  and  both  consist  of  "giant  fossil  groups  (Fig.  6;  see  below  for  tur- 

collagenous  fibers  constructed  of  closely  ther  discussion). 

packed  or  fused  fibrils  aligned  so  that  the  The  interrelationships  of  the  primitive 

banding  (60-65  nm)  of  the  collagen  fi-  living  actinopterygians  have  been  rela- 

brils  is  in  register  throughout  the  fiber"  tively  well  established  (Fig.  6)  largely  as 
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Figure  6.  Branching  diagram  (cladogram)  showing  one  hypothesis  of  the  relationships  between  the  main  actinopter- 
ygian  subgroups.  Taxa  with  no  living  representatives  are  indicated  with  a  dagger.  Patterson  (1982)  provides  an  extensive 
discussion  of  the  relationships  of  primitive  actinopterygians  and  many  of  the  characters  listed  here  are  abstracted  from 
his  paper.  The  characters  are:  1,  presence  of  a  single  dorsal  fin;  2,  a  pectoral  propterygium  (see  Rosen  ef  a/.,  1981);  3, 
ganoin,  4,  anterodorsal  peglike  process  on  the  scales;  5,  jugal  pitlines;  6,  mandibular  sensory  canal  enclosed  in  the 
dentary  bone;  7,  autosphenotic  and  large  opisthotic  bone  in  the  braincase;  8,  acrodin  caps  on  teeth;  9,  pelvic  plate 
present  (see  Rosen  ef  a/.,  1981);  10,  numerous  features  of  soft  anatomy  including  brain  development,  jaw  muscles,  and 
gill  arch  muscles  (Wiley,  1979;  Nieuwenhuys,  1982;  Patterson,  1982;  Lauder,  1980b);  11,  a  perforated  propterygium;  12, 
basal  fulcra  on  dorsal  caudal  margin;  13,  supra-angular  bone  present  in  lower  jaw;  14,  hemopoietic  organ  above  the 
medulla  oblongata;  15,  fringing  fulcra  on  fins;  16,  spiracular  canal;  17,  dorsal  finspines;  18,  ontogenetic  fusion  of  infraor- 
bitals with  the  maxilla  (see  Patterson  |1982|  and  Daget  [1950]  for  additional  characters);  19,  absence  of  myodomes 
(Schaeffer,  1973);  20,  fusion  of  premaxillae,  maxillae,  and  dermopalatines  (Schaeffer,  1973);  21,  anterior  palatoquadrate 
symphysis  (Jollie,  1980);  22,  fin  rays  equal  in  number  to  their  supports  in  the  dorsal  and  anal  fins  (Patterson  and  Rosen, 
1977);  23,  upper  pharyngeal  dentition  consolidated  (Patterson  and  Rosen,  1977);  24,  clavicle  lost  or  reduced  to  small 
plate  lateral  to  cleithrum  (see  Patterson  and  Rosen  (1977)  who  also  provide  several  other  characters);  25,  mobile  maxillary 
bone  in  the  cheek;  26,  interopercular  bone  present;  27,  median  neural  spines;  28,  quadratojugal  lost  or  fused  with 
quadrate  (Patterson  and  Rosen,  1977);  29,  opisthocoelous  centra;  30,  a  series  of  toothed  infraorbital  bones  (see  Wiley 
(1976)  for  many  other  characters);  31,  both  the  symplectic  bone  and  the  quadrate  contribute  to  the  jaw  articulation  (see 
Patterson  [1973]  for  further  discussion  of  this  clade);  32,  the  presence  of  uroneurals  (elongated  ural  neural  arches);  33, 
unpaired  basibranchial  toothplates;  34,  a  mobile  premaxilla;  35,  internal  carotid  foramen  enclosed  in  the  parasphenoid 
(Patterson,  1977a).  Patterson  (1977)  also  mentions  two  other  features  as  tentative  teleostean  features:  seven  epurals, 
and  a  pectoral  propterygium  fused  with  the  first  pectoral  fin  ray.  Living  teleosts  share  many  features  in  the  jaw  mus- 
culature (see  text;  Lauder  1980c),  including  loss  of  the  anterior  (suborbital)  jaw  adductor  component. 
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the   result  of  the   recent  work  ot   joHie  condition  is  found  in  coelacanths,  huig- 

(1980),  Patterson  (1973,  1975,  1982),  Ro-  fishes,  and  sahunanders. 

sen  et  al.  (1981),  and  Wile\   (1976).  The  The  hraincase  of  these  early  ray-finned 

interrelationships  of  the  i:)rinnti\e  fossil  fishes   exhibits    several    remarkable   fea- 

taxa   remain   problematical.   Onl\    three  tures  (Fig.  9).  A  ventral  otic  fissure  (Fig. 

fossil  genera  have  been  assigned  a  posi-  9:  vof),  cartilage  filled  in  life,  represents 

tion  in  actinopterygian  phylogeny  that  is  a  persistent  division  between  the  embry- 

corroborated  by  uniquely  derived  char-  onic  parachordal  and  trabecular  elements 

acters:    Cheirolepis   (Fig.   7B),   Moijtho-  of  the  chondrocranium  and  lies  just  pos- 

niasia   (Fig.  7A)  and  Ptcronisctdus   (see  terior  to  the  hypophysis.  An  additional 

Fig.  6;  Patterson,  1982).  Schaeffer  (1973)  fissure,  the  lateral  occipital  fissure  of  the 

has   also    identified   several    possible  braincase  (Fig.  9:  lof)  provides  an  exit  for 

monophyletic  assemblages  among  lower  the  vagus  nei've,  represents  a  persisting 

actinopterygians.  The  Devonian  Cheiro-  embryonic  metotic  fissine,  and  may  not 

lepi.s  (Pearson  and  Westoll,  1979)  is  the  have  been  filled  with  cartilage  in  adult 

most  primitive  known  ray-finned  fish  (Fig.  paleoniscoids   (Gardiner  and   Bartram, 

6).  1977;   Patterson,    1975;    Schaeffer  and 

The  structure  of  the  skidl  in  these  early  Dalquest,  1978).  It  is  important  to  note 

actinopterygians   (Fig.   8)   refiects   their  that  the  adult  braincase  of  many  primi- 

generally  predaceous  habit  (Pearson  and  tive   actinopterygians   was   fully  ossified 

Westoll,  1979).  Simple  conical  teeth  are  and  completely   sutureless,  a  condition 

present  along  the  marginal  jaw  bones  and  that  prohibited  further  growth  (Patterson, 

on  many  of  the  dermal  bones  lining  the  1975). 

buccal  cavity.  The  dermal  cheek  bones  In  contrast  to  the  teleost  and  haleco- 

form  a  relatively  solid  plate  with  the  large  morph  actinopterygians   (see  below)   in 

maxilla  occupying  much  of  the  cheek  and  which   a  suction   feeding  mechanism   is 

attaching  posteriorly  to  the  preopercu-  developed  (a  negative  pressure  is  created 

lum.  Lateral  movements  of  the  cheek  and  in  the  buccal  cavity  and  used  to  draw  in 

palatoquadrate   were   relatively   limited  prey  with  the  inflow  of  water  as  the  mouth 

(Lauder,  1982a).  An  operculum  and  sub-  is  opened),  most  paleoniscoid  fishes  had 

operculum  covered  the  gills  laterally  and  only  a  limited  al:>ility  to  expand  the  buc- 

a  series  of  smaller  bony  plates,  the  bran-  cal  cavity  (Schaeffer  and  Rosen,   1961; 

chiostegal  rays,  extended  posterolaterally  Lauder,  1982a)  and  thus  must  have  pri- 

from  the  hyoid  apparatus  (Fig.  8).  The  eye  marily  used  their  body  velocity  to  over- 

and  nasal  openings  were  located  far  an-  take   and   capture   prey   rather  than   the 

teriorly.  Paleonisciform  fishes  possessed  "ambush  predator"  strategy  used  so  suc- 

a  tripartite  adductor  mandibulae  (Fig.  8:  cessfully  by  many  teleosts.  Mouth  open- 

AMa,m,p)  with  a  posteroventral  fiber  ori-  ing  in  all  non-haleocostome  actinopteryg- 

entation.  The  primitive  gnathostome  con-  ians  is  accomplished  by  contraction  of  the 

dition  is  retiined  in  the  ventral  head  mus-  hypaxial   and   sternohyoideus   muscles 

culature  (Fig.  8;  Lauder,  1980b)  with  an  (Lauder,   1980c;   1982a).  These  muscles 

intermandibularis    posterior   extending  mediate  posteroventral  hyoid  movement 

between  the  mandibular  rami  and  an  in-  which  causes  mandibular  depression.  El- 

terhyoideus  connecting  the  branchioste-  evation  of  the  neurocranium  during  prey 

gal  rays  and  hyoid  to  the  fascia  dorsal  to  capture  also  contributes  significantly  to 

the  intermandibularis  posterior.  Inciden-  the  increase  in  gape. 

talk ,   this    general   arrangement   of  the  The  primary  use  of  body  velocity  in 

buccal  floor  musculature  appears  to  have  prey  capture  is  reflected  in  the  structure 

been  a  very  conservative  feature  in  lower  of  the  locomotory  apparatus  in  the  early 

vertebrate   evolution,   as   a  very   similar  ray-finned   fishes   and   suggests   several 
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functional  correlates  of  body  form.  The  gravity),  and  evolution  of  a  gas-filled 
earl\  actinopterygians  are  unique  among  swimhladder  from  the  primitive  lunglike 
lower  vertebrates  in  possessing  a  single  pharyngeal  diverticulum.  The  role  of  the 
dorsal  fin,  and  generalK  lateral  body  and  swimbladder  in  allowing  the  achieve- 
fin  profiles  are  not  concentrated  far  pos-  ment  of  neutral  buoyancy  was  of  poten- 
terior  to  the  center  of  gravity.  Webb  (1976,  tial  importance  both  for  a  reduction  in  en- 
1977,  1978)  has  examined  fast-start  per-  ergy  expenditure  needed  to  maintain  a 
formance  in  teleost  fishes  and  has  con-  constant  level  in  the  water  column  (Alex- 
eluded  that  the  ability  to  rapidK  accel-  ander,  1966a)  and  in  the  removal  of  func- 
erate  from  a  rest  position  (of  great  tional  constraints  on  caudal  and  pectoral 
importance  to  ambush  predators)  is  large-  fin  structure.  Many  primitive  actinopte- 
ly  a  function  of  lateral  body  and  fin  area  rygian  fishes,  however,  possessed  a  very 
and  the  mass  of  body  musculature,  higher  high  aspect  ratio  tail  with  complete  ex- 
values  of  both  giving  improved  fast-start  ternal  symmetry  (e.g.,  Bohasatrania, 
performance.  The  paleoniscoid  fishes  Platysomus,  Chirodus,  and  Donjpteriis; 
would  have  had  a  rather  poor  fast-start  see  Schaeffer,  1973:  217).  These  forms 
performance  since  fin  area  is  relatively  also  had  enlarged  stiffening  rays  in  the 
small,  caudal  fin  shape  is  not  designed  to  hypochordal  fin  lobe.  In  the  absence  of 
rapidly  generate  anteriorly  directed  forces  experimental  data  on  the  function  of 
(Thomson,  1976;  Webb,  1982)  and  neural  primitive  actinopterygian  caudal  fins,  it  is 
and  haemal  spines  were  not  firmly  at-  perhaps  unwise  to  speculate  about  the  di- 
tached  to  vertebral  centra  (Lauder,  1980d;  rection  of  thrust  produced  and  to  gener- 
Schaeffer,  1967).  alize  too  broadly  about  the  "inefficiency" 

The  caudal  fin  in  early  actinopterygi-  of  asymmetrical  caudal  structure, 

ans   is   heterocercal   in   shape,  the   noto-  Two  other  groups  of  fossil  ray-finned 

chord  and  vertebral  elements  extending  fishes  deserve  mention.  A  deep-bodied 

into  the  upper  (epichordal)  lobe  while  the  radiation  of  primitive  forms  is  represent- 

hypochordal  lobe  (Fig.  7A)  possesses  lit-  ed  by  the  platysomoids,  of  which  Adro- 

tle  to  stiffen  it  except  the  dermal  fin  rays,  ichthys  (Fig.  7D)  is  a  member.  A  second 

This  external  and  internal  morphological  lineage  is  composed  of  the  redfieldiiform 

asymmetry  in  tail  structure  may  have  re-  and   perleid   fishes   (Fig.   6),   although 

suited    in    an    "asymmetrical"    thrust  monophyly   of  this   assemblage   has   not 

(Thomson,  1976)  directed  anteroventral-  been   conclusively   established   (see 

ly.   One  of  the   fundamental   functional  Schaeffer,    1973;    Hutchinson,    1973; 

changes  in  actinopterygian  evolution  is  Brough,  1939).  These  fishes  share  several 

often  held  to  be  the  modification  of  tail  general   features   with  the   neopterygian 

structure  to  generate  an  anteriorly  direct-  fishes,  including  a  nearly  vertically  ori- 

ed  symmetrical  thrust,  the  correlated  re-  ented  palatoquadrate  allowing  greater 

duction  in  scale  weight  (and  thus  specific  expansion  of  the  orobranchial  chamber,  a 


Figure  8.  General  structure  of  the  skull  in  a  palaeoniscoid  fish  {Moythomasia  nitida).  The  cheek  is  covered  with  a  solid 
plate  of  dermal  bone  composed  of  Infraorbital  bones,  a  preoperculum,  and  a  large  expanded  maxillary  bone,  partially 
removed  to  show  the  underlying  adductor  musculature.  The  oblique  orientation  of  the  preoperculum  indicates  the 
posterior  inclination  of  the  palatoquadrate.  The  dentary  lacks  a  coronoid  process.  Mouth  opening  during  feeding  oc- 
curred by  lifting  of  the  upper  jaw  and  by  depression  of  the  mandible  via  posterior  movements  of  the  hyoid  apparatus. 
Primitive  actinopterygians  possessed  three  divisions  of  the  adductor  mandibulae,  anterior  (AMa),  medial  (AMm),  and 
posterior  (AMp).  (From  Lauder  |1982al,  courtesy  of  the  American  Society  of  Zoologists.) 

Other  Abbreviations:  BM,  branchiomandibularis;  CL,  cleithrum;  CLAV,  clavicle;  EP,  epaxial  muscles;  IH,  interhyoideus 
muscle;  IMp,  intermandibularis  posterior  muscle;  10,  infraorbital  bones;  MX,  maxilla;  OBS,  obliquus  superioris  muscle; 
OBI,  obliquus  inferioris  muscle;  OP,  operculum;  POP,  preoperculum;  SOP,  suboperculum. 
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interorbital     wall 


occn 


Figure  9.  The  braincase  of  a  paleoniscoid  fish  (lateral  view  of  the  right  side)  showing  the  interorbital  wall,  the  ventral 
otic  fissure  (vof),  the  lateral  occipital  fissure  (lof)  and  exits  for  the  vagus  nerve  (X),  glossopharyngeal  nerve  (IX),  supra- 
temporal  branch  of  IX  (IXst),  the  parasphenoid  bone  (Psp),  vomer  (Vo),  foramen  for  the  pituitary  vein  (pv)  and  for  the 
internal  carotid  artery  (ic).  (After  Gardiner  (19731,  reprinted  by  permission  of  the  Council  of  the  Linnean  Society  of 
London.) 

Other  Abbreviations:  btp,  basipterygoid  process;  hym.f,  hyomandibular  facet;  inf. If,  articular  facet  for  infrapharyngo- 
branchial  I;  occa,  occn,  foramina  for  the  occipital  artery  and  nerve;  ot.spf,  oticosphenoid  fissure;  pal.f,  articular  facet 
for  palatine  bone;  pp,  postorbital  process;  spg,  spiracular  groove;  sup. If,  articular  facet  for  suprapharyngobranchial  I; 
vest,  vestibular  fontanelle. 


coronoid  process  on  the  mandible,  and 
the  expansion  of  one  of  tlie  upper  hran- 
cliiostegal  rays. 

The  early  actinoptervgian  fishes  rep- 
resent a  relatively  limited  radiation  which 
remained  morphologically  rather  uni- 
form in  basic  plan.  The  first  major  changes 
in  feeding  and  locomotory  patterns  occur 
in  the  neopter\gian  fishes,  but  first  we 
must  examine  the  living  survivors  of  the 
early  ray-finned  fishes,  the  bichir  and 
reedfish  Polypteriis  and  ErpetoicJitJiijs 
(Cladistia),  and  the  sturgeons  and  joaddle- 
fishes  (Chondrostei).  Rosen  et  al.  (1981) 
proposed  using  Cope's  (1871)  term  Acti- 
nopteri  to  refer  to  all  actinopterv  gians 
more  derived  than  cladistians  (see  Fig. 
6),  and  this  usage  is  followed  here  (also 
see  Patterson,  1982). 

The  Cladistia  contains  the  single  fam- 
ily PoKpteridae  with  two  genera,  Pobj})- 
tcnis     and    Eri)etoiclitliys     {=Cahu)H)- 


icJifJiys;  see  Swinney  and  Heppell,  1982), 
and  has  been  the  subject  of  extensive  de- 
bate in  the  literature  of  the  last  hundred 
\ears.  ProbabK  no  other  group  of  living 
fishes  has  been  placed,  at  one  time  or 
another,  in  so  many  widely  differing  ma- 
jor taxonomic  groups.  An  earh  \  iew 
(Huxley,  1861;  Cope,  1871;  see' Patter- 
son, 1982,  for  a  historical  re\  iew)  was  that 
the  polypterids  were  luembers  of  the  Sar- 
copterygii  or  "lobe-finned  fishes"  (Fig.  1), 
an  Inpothesis  based  primarily  on  the 
structure  of  the  pectoral  fin  in  Polypterus 
(Fig.  10),  which  consists  of  a  proximal 
lobelike  extension  from  the  bod\  and  a 
fan-shaped  distal  arra\'  of  fin  ra\  s  (Fig. 
lOA).  Jarvik  (1980)  still  supports  this  view. 
This  suggestion  has  been  largely  sup- 
planted in  recent  >ears  b\  the  h\ pothesis 
that  poKpterids  are  sufficientK  distinct 
to  warrant  recognition  as  a  separate  sub- 
class  of  the   Osteichth>es,   the   Brachio- 
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Figure  10.  A  A  representative  of  the  genus  Polypterus.  B.  Scaphirhynchus.  a  sturgeon  from  the  Mississippi  drainage. 
C.  Polyodon  spathula.  also  from  the  Mississippi.  (From  "The  Vertebrate  Body,  "  5th  Ed.  by  A.  S.  Romer  and  T.  S.  Parsons. 
Copyright  1977  by  W.  B.  Saunders  Co.  Reprinted  by  permission  of  Holt,  Rinehart,  and  Winston.) 


pterygii  (e.g.,  McAllister,  1968;  G.  Nel- 
son, 1969a).  More  recently,  however, 
Gardiner  (1973),  Schaeffer  (1973),  Wilev 
(1979a),  and  especially  Patterson  (1982) 
have  provided  convincing  evidence, 
snmniarized  in  Figure  6,  that  the  polyp- 
terids  represent  highly  specialized  sur- 
vivors of  primitive  actinoptervgian  fishes. 
Romer  (1966),  Gardiner  (1967),  and  An- 
drews et  al.  (1967)  have  also  held  this 
view.  Nieuwenhuys  (1967,  1982)  has  al- 


lied Polypterus  with  the  Actinopterygii 
on  neuroanatomical  evidence,  as  has 
Lovtrup  (1977)  on  otolith  structure  and 
lens  proteins. 

The  Cladistia  are  hypothesized  to  be 
monophyletic  based  on  the  dorsal  fin- 
spine  pattern  (Fig.  lOA),  the  presence  of 
a  series  of  spiracular  ossicles,  and  the 
structure  of  the  urohyal  and  parasphe- 
noid,  among  many  other  uniquely  de- 
rived features  (Daget,  1950;  see  Patter- 
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son,  1982).  The  genus  Polijpterus  waters  of  tropical  Africa  and  are  generally 
(bichirs)  is  composed  of  10  species,  all  distributed  along  lake  shores, 
very  similar  in  appearance.  A  row  of  dor-  The  two  remaining  groups  represent- 
sal  finlets  extends  down  the  back  (Fig.  ing  living  survivors  of  early  ray-finned 
10),  each  finlet  having  an  anterior  spine  fishes  are  the  sturgeons,  family  Acipen- 
supporting  a  thin  membraneous  web  pos-  seridae,  and  the  paddlefishes,  family 
teriorly.  These  finlets  are  elevated  during  Polyodontidae.  These  two  families  and 
active  swimming  but  lie  flat  when  the  fish  the  allied  fossil  forms  such  as  Chondros- 
is  inactive.  A  primitive  actinopterygian  tens  are  united  into  the  Chondrostei  (Fig. 
feature  retained  by  Fo/jyp^ems  is  the  thick  6).  Schaeffer  (1973),  Jollie  (1980),  and 
covering  of  rhomboid  scales  arranged  in  Patterson  (1982)  have  examined  the  evi- 
oblique  rows  along  the  body  (Pearson,  dence  supporting  the  Chondrostei  as  a 
1981).  The  internal  skeleton  is  well  os-  monophyletic  lineage  (see  Fig.  6;  char- 
sified,  the  tail  is  modified  into  a  so-called  acters  19-21).  Several  of  the  characters 
diphycercal  or  symmetrical  shape,  and  a  shared  by  the  two  living  families  are  re- 
spiracle  connects  the  buccal  cavity  with  ductive  ones  (such  as  absence  of  myo- 
the  surrounding  water  via  a  short  spirac-  domes)  and  may  have  evolved  indepen- 
ular  canal  opening  onto  the  dorsal  head  dently,  but  current  evidence  does  seem 
surface.  The  cranial  anatomy  of  Po/(/pfgr-  to  corroborate  a  monophyletic  Chon- 
us  bichir  has  been  described  in  detail  by  drostei. 

Allis  (1922).  Young  Polijpterus  possess  a  The  family  Acipenseridae,  first  known 
pair  of  relatively  large  external  gills  which  from  Upper  Cretaceous  fossils,  contains 
extend  posteriorly  from  the  hyoid  arch,  four  genera  arranged  in  two  subfamilies. 
Adult  Pohjpteru.s  are  able  to  breathe  air  The  subfamily  Acipenserinae,  containing 
and  have  a  pair  of  highly  vascularized  Acipenser  (about  20  species)  and  Huso  (2 
lungs  which  arise  ventrally  from  a  diver-  species),  is  found  in  Eurasia  and  North 
ticulum  in  the  floor  of  the  pharynx.  The  America;  some  species  live  only  in  fresh- 
lungs  are  asymmetrical  in  size,  the  right  water  (where  all  species  spawn)  while 
extending  much  further  posteriorly  than  others  have  part  of  the  lifecycle  in  the 
the  left.  In  view  of  the  widespread  oc-  ocean.  The  subfamily  Scaphirhynchinae 
currence  of  ventral  lunglike  diverticula  includes  the  genus  Pseudoscapliirliyn- 
in  primitive  osteichthyian  groups,  the  c/h/s  (3  species),  which  is  confined  to  Asia, 
presence  of  lungs  and  probably  the  oc-  and  ScapJiiHiynchus  (2  species)  (See  Fig. 
currence  of  external  gills  in  young  may  lOB).  The  different  genera  and  species 
be  a  primitive  feature  of  actinopterygian  are  distinguished  on  the  basis  of  mouth 
fishes  that  has  been  retained  in  Polypter-  shape  and  scalation,  while  the  subfami- 
us.  Although  most  commonly  seen  at  a  lies  differ  in  the  occurrence  of  a  spiracle: 
size  of  about  15  to  20  cm,  some  species  present  in  the  Acipenserinae  and  absent 
oiPohjpterus  can  grow  to  well  over  a  me-  in  the  Scaphirhynchinae.  The  body  shape 
ter  in  total  length.  of  sturgeons  (Fig.  lOB),  the  presence  of  a 
The  other  genus  included  in  the  Poly-  heterocercal  tail,  and  a  mainly  cartilagi- 
pteriformes  is  Erpetoichthys  with  one  nous  skeleton  suggested  to  several  in- 
species,  E.  calaharicus  (the  reedfish).  vestigators  early  in  this  century  that  stur- 
This  fish  is  elongate  in  form  and  consid-  geons  should  be  included  in  the  Selachii. 
erably  thinner  than  Polypterus  with  a  These  features  are  actually  either  reduc- 
round  ropelike  body.  Erpetoichthys  lacks  tions  from  a  primitive  actinopterygian 
pelvic  fins  but  is  similar  to  Polypterus  in  condition  (an  ossified  skeleton)  or  merely 
all  major  characters  outlined  above.  The  represent  the  retention  of  primitive  char- 
Polypteridae  are  only  found  in  the  fresh-  acters  (the  heterocercal  tail).  Sturgeons 
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Figure  11.  A.  Leplsosteus,  a  living  representative  of  the  GInglymodi.  B.  Amia  calva,  a  living  halecomorph  fish.  (From 
"The  Vertebrate  Body,"  5th  Ed.  by  A.  S.  Romer  and  T.  S.  Parsons.  Copyright  by  W.  B.  Saunders  Co.  Reprinted  by 
permission  of  Holt,  Rinehart,  and  Winston.) 


are  peculiar  in  having  scales  modified  into 
five  rows  of  bony  scutes  which  run  the 
length  of  the  body  (Fig.  lOB),  greatly  re- 
duced teeth  and  jaws,  and  a  large  extend- 
ed fleshy  rostrum  with  barbels  used  in 
rooting  for  food  on  the  bottom.  Sturgeons, 
especially  European  species,  may  grow 
to  an  enormous  size,  record  individuals 
weighing  in  at  over  3,000  lbs. 

The  family  Polyodontidae  consists  of 
two  living  genera,  each  with  one  species, 
with  a  disjunct  distribution.  Polyodon 
spatJiula  (Fig.  IOC)  occurs  in  the  Missis- 
sippi drainage  of  the  United  States.  It  has 
a  very  elongate  snout  with  minute  bar- 
bels, and  long  gill  rakers  for  straining 
plankton  from  the  water  (Rosen  and 
Hales,  1981).  Psephurus  gladius  differs 
considerably  in  morphology  from  the 
American  paddlefish  and  is  found  in  the 


Yangtze  River  basin  of  China.  The  mouth 
can  be  protruded  to  feed  on  small  benthic 
organisms,  and  the  snout  is  considerably 
shorter  than  in  Polyodon.  Both  genera 
have  greatly  reduced  scalation.  Paddle- 
fishes  usually  reach  a  maximum  size  of 
about  2  meters.  The  first  fossil  record  of 
the  Family  Polyodontidae  occurs  in  the 
Upper  Cretaceous  with  the  genus  Pa- 
leopsephurus  wilsoni  from  Montana. 

THE  GINGLYMODI  AND 
HALECOMORPHI 

The  Neopterygii  (Fig.  6)  contains  two 
major  groups,  the  Ginglymodi  containing 
only  the  family  Lepisosteidae  (gars),  and 
the  Halecostomi  (Fig.  11).  The  Halecos- 
tomi  also  consists  of  two  major  groups  one 
of  which,  the  Halecomorphi,  containing 
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several  fossil  taxa  and  the  living  genus  ilar  to  that  in  the  living  lialecomoiphA/nia 

Amia,  will  be  considered  here  while  the  in  having  a  highh  subdivided  interior  to 

other,  the  Teleostei,  will  be  examined  ex-  increase  respiratory  surface  area  (Rahn  et 

tensively   below.    Patterson   and   Rosen  al.,  1971).  The  largest  living  gar,  Atrac- 

(1977)  have  recently  given  both  the  Tele-  tosteus  spatula,  the  alligator  gar,  has  been 

ostei  and  Halecomorphi  the  rank  of  Sub-  reported  to  reach  a  length  of  over  3  me- 

division  in  the  Division  Neopterygii.  ters  and  occurs  in  brackish  water  along 

Some  of  the  characters  which  have  been  the  Gulf  of  Mexico  and  in  the  Mississippi 

used  to  define   the   neopterygian   fishes  Ri\'er. 

(Fig.  6:  characters  22-24)  are  the  pres-  The  extinct  family  Semionotidae  (Fig. 
ence  of  an  equal  number  of  fin  rays  and  6)  includes  about  20  genera  of  fishes.  Un- 
fin  ray  supports  in  the  dorsal  and  anal  fins  til  recently  the  gars  were  grouped  with 
(primitively  the  number  of  fin  rays  ex-  the  semionotid  fishes  in  the  order  Semio- 
ceeds  the  number  of  supports)  and  the  notiformes,  but  as  discussed  above  they 
occurrence  of  a  symplectic  bone  which  now  constitute  a  separate  division,  the  re- 
develops as  a  separate  ossification  center  maining  forms  comprising  the  family  Se- 
in  the  hyomandibular  cartilage.  Patterson  mionotidae  within  the  division  Halecos- 
(1973),  Patterson  and  Rosen  (1977),  Wi-  tomi.  While  the  semionotids  may  well 
ley  (1976),  and  Bartram  (1977)  provide  represent  an  unnatural  assemblage  of 
extensive  evidence  for  monophyly  of  the  fishes  grouped  together  onl\  because  they 
Neopterygii.  share  certain  general  similarities  (many 

The  Ginglymodi  have  been  recently  of  the  genera  are  known  only  from  ex- 
reviewed  by  Wiley  (1976),  who  has  pro-  tremely  poor  fossils,  Patterson,  1973)  the 
vided  a  long  list  of  characters  shared  by  majority  share  two  characters  of  funda- 
members  of  this  group,  including  very  mental  importance  with  the  Halecomor- 
elongate  jaws  with  toothed  infraorbital  phi  and  Teleostei:  the  presence  of  a  mo- 
bones  on  the  upper  jaw  (Fig.  12A),  opis-  bile  maxillary  bone  in  the  cheek  and  an 
thocoelous  vertebral  centra,  and  teeth  interopercular  bone  (Fig.  6:  characters  14 
containing  plicidentine.  Gars  have  elon-  and  15),  thus  placing  them  in  a  more  cla- 
gate  bodies  with  the  dorsal  fin  located  far  distically  deri\  ed  position  than  the  gars, 
posteriorly  on  the  body  (Fig.  IIA)  and  Figure  13  depicts  the  major  musculo- 
oblique  rows  of  ganoid  scales.  The  pos-  skeletal  elements  in  the  head  of  a  prim- 
terior  location  of  the  dorsal  and  anal  fins  itive  teleost  and  how  they  interact  during 
reflects  the  feeding  strategy  of  gars  as  am-  prey  captiue.  This  same  basic  system  is 
bush  predators.  Wiley  (1976)  has  divided  present  in  amiids  and  halecomoiphs  (with 
recent  and  fossil  gars  (first  known  from  the  exception  of  the  ^eniohvoideus  mus- 
the  Cretaceous)  into  two  genera:  Lepisos-  cle,  see  below).  The  evolution  of  a  sep- 
teus  (4  fossil  species,  4  living)  and  Atrac-  arate  interopercular  bone  (Fig.  13:  iop)  al- 
tosteiis  (5  fossil  species,  3  living).  Al-  lowed  a  new  system  of  muscles  and  bones 
though  fossil  gars  are  known  from  North  to  activate  opening  of  the  mouth.  Con- 
America,  Ein^ope,  Africa,  and  India,  the  traction  of  the  lev  ator  opercidi  muscle  ro- 
living  gar  species  are  restricted  in  distri-  tates  the  opercular  bone  dorsally  (Fig.  13: 
bution  to  North  America  where  they  gen-  lo,  op)  and  this  force  is  transmitted  \ia 
erally  inhabit  rivers,  streams,  and  lakes,  the  interopercuhu-  bone  and  ligament  b 
although  some  species  also  live  in  brack-  to  the  lower  jaw  causing  it  to  move  ven- 
ish  or  occasionalh  marine  waters.  Gars  tralK  and  open  the  mouth.  This  mecha- 
have  a  bilobed  lung  that  arises  from  a  nism  for  opening  the  mouth  evolved  at 
dorsal  pharyngeal  diverticulinn  and  fre-  the  halecostome  level  (Lauder,  1980c). 
quently  take  air  from  the  sinface  which  The  primitive  actinopterygian  mecha- 
is  pumped  into  the  lung.  The  linig  is  sim-  nism    for   depressing  the   lower  jaw   in- 
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volves  posterior  movements  of  the  hyoid 
arch  caused  by  contraction  of  the  ster- 
nohyoideus  and  hypaxial  (obliquus  infe- 
rioris)  muscles  and  the  transmission  of  this 
movement  by  hgament  l2(Fig.  13:  hyoid, 
sh,  I2)  to  the  lower  jaw.  This  last  mech- 
anism was  present  in  paleoniscoids  and 
is  also  found  in  Pohjptent.s,  Lepisosteus, 
halecomorphs,  and  many  primitive  te- 
leosts.  Use  of  the  sternohyoideus,  ventral 
body  muscles,  and  the  mandibulohyoid 
ligament  as  a  system  mediating  mouth 
opening  may  in  fact  be  primitive  for 
gnathostomes,  as  the  requisite  anatomi- 
cal features  and  mechanical  relationships 
are  found  in  elasmobranchs,  coelacanths, 
and  lungfishes,  as  well  as  in  primitive  ray- 
finned  fishes.  The  salient  specialization 
of  the  halecostome  feeding  mechanism  is 
thus  the  occurrence  of  two  biomechani- 
cal  pathways  controlling  lower  jaw 
depression.  The  presence  of  a  maxillary 
bone  that  has  been  freed  from  the  cheek 
(in  contrast  to  the  primitive  actinopte- 
rygian  condition;  compare  Figs.  12  and 
13  to  Fig.  8)  contributes  to  the  suction 
feeding  mechanism  since  during  mouth 
opening  the  maxilla  swings  towards  the 
prey  and  creates  a  "tunnel"  which  directs 
water  flow  from  the  region  immediately 
in  front  of  the  mouth  into  the  buccal  cav- 
ity (Lauder,  1979).  The  importance  of  the 
interopercular  bone  and  the  free  maxilla 
is  that  they  indicate  the  presence  in  the 
"semionotids,"  halecomorphs,  and  prim- 
itive teleost  fishes  of  a  suction  feeding 
mechanism  similar  in  all  key  features  to 
that  of  higher  teleosts.  This  mechanism 
has  been  slightly  modified  in  advanced 
teleosts,  but  prey  capture  by  inertial  suc- 
tion feeding  was  clearly  present  in  the 
early  halecostome  fishes. 

The  halecomorph  fishes  (Fig.  6),  all  ex- 
tinct except  for  the  living  A/?n'a  calva  (Fig. 
IIB),  are  united  by  the  possession  of  a 
unitiue  jaw  articulation:  both  the  (quad- 
rate and  the  symplectic  contribute  to  the 
jaw  joint.  The  main  fossil  taxa  included 
in  the  Halecomorphi  are  the  Parasemio- 
notidae   and  the   Caturidae,  almost  cer- 


tainly paraphyletic  groups  (Patterson, 
1973).  The  main  lineage  of  interest,  how- 
ever, to  students  of  extant  organisms  is 
the  Family  Amiidae  (Fig.  6)  containing 
Amia  calva,  the  bowfin.  Although  the 
Amiidae  has  an  extensive  fossil  record 
beginning  in  the  Jurassic  and  covering 
Europe,  Asia,  and  North  America  (Bo- 
reske,  1974),  the  family  today  is  confined 
to  North  America.  Amia  inhabits  fresh- 
waters  of  the  south  and  midwest  up 
through  the  Mississippi  drainage,  into  the 
Great  Lakes  (except  Lake  Superior)  and 
reaches  down  into  Lake  Champlain  in  the 
east.  Its  common  name,  bowfin,  derives 
from  the  elongate  dorsal  fin  (Fig.  IIB) 
which  is  undulated  in  a  bowlike  fashion 
during  slow  locomotion.  Amia  is  a  vora- 
cious predator,  often  consuming  large 
numbers  of  prey  in  a  short  time,  and  ex- 
hibits the  main  characteristics  of  the  hal- 
ecostome feeding  mechanism  outlined 
above.  In  Amia  the  maxilla  may  achieve 
a  nearly  vertical  position  during  the  strike 
at  the  prey  and  high-speed  movies  of 
feeding  sequences  show  that  this  contrib- 
utes significantly  to  suction  efficiency  by 
creating  a  tunnel-like  mouth  opening.  The 
bowfin  is  also  able  to  breathe  air  and  pos- 
sesses a  lung  that  arises  as  a  dorsal  di- 
verticulum of  the  pharynx  in  a  similar 
fashion  to  the  lung  of  the  gar,  Lepisos- 
teus. Amia  reaches  a  maximum  length  of 
about  one  meter. 

THE  TELEOSTEI 

The  Early  Teleost  Fishes 

The  Teleostei  comprise  by  far  the  most 
diverse  group  of  Actinopterygii  and,  with 
an  estimated  20,000  species  (Cohen, 
1970),  far  exceed  the  diversity  of  any  oth- 
er vertebrate  group.  The  various 
subgroups  of  the  Teleostei  will  be  treat- 
ed in  the  remainder  of  this  paper.  Te- 
leosts are  first  known  from  the  Middle 
Triassic,  and  for  most  of  this  century  it 
has  been  thought  that  the  Teleostei  form 
an  unnatiual  assemblage  derived  poly- 
phyletically   by   many   independent  lin- 
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Figure  13.  Diagrammatic  model  of  the  feeding  apparatus  in  primitive  teleost  fishes.  The  major  mechanical  units  of  the 
jaw  are  shown  in  different  patterns  (see  key).  Heavy  arrows  indicate  the  major  movements  of  the  bony  elements  during 
mouth  opening,  light  arrows  indicate  the  major  action  of  the  muscles.  (Modified  from  Lauder  and  Liem,  1980.) 

Abbreviations:  aap,  adductor  arcus  palatini  muscle;  am,  adductor  mandibulae  musculature;  bpc,  buccopharyngeal  cav- 
ity; do,  dilator  operculi  muscle;  ep,  epaxial  muscles;  g,  gills;  gh,  geniohyoideus  muscle;  hy,  hypaxial  muscles;  iop, 
interopercular  bone;  I,,  interoperculomandibular  ligament;  1.^,  mandibulohyoid  ligament;  lap,  levator  arcus  palatini  mus- 
cle; lo,  levator  operculi  muscle;  mx,  maxilla;  oc,  opercular  chamber;  op,  operculum;  sh,  sternohyoideus  muscle. 


cages  from  the  so-called  pholidophorid 
fishes  (Gosline,  1965;  Patterson,  1967). 
Patterson  (1968a)  first  proposed  a  precise 
definition  of  the  Teleostei  based  on  the 
anatomy  of  the  caudal  fin  and  showed  that 
teleosts,  as  he  defined  them,  do  in  fact 
constitute  a  natural,  monophyletic  assem- 
blage of  fishes  which  includes  several 
groups  previously  thought  not  to  be  te- 
leosts. The  groups  currently  included  in 
the  Teleostei  and  their  interrelationships 
are  summarized  in  Fig.  14.  Teleosts  pos- 
sess a  caudal  skeleton  which  differs  from 
that  of  other  neopterygian  fishes  (Rosen, 
1982;  Fig.  14:  character  1)  and  is  of  key 
significance  in  the  evolution  of  actino- 
pterygian  locomotor  patterns.  In  haleco- 


morph  and  ginglymod  fishes  (Fig.  15A,  B) 
the  caudal  fin  rays  articulate  with  the  pos- 
terior edge  of  the  haemal  spines  and  with 
flattened  and  expanded  haemal  arches 
and  spines  known  as  hypurals  (Fig.  15: 
hl-h7).  The  caudal  fin  is  heterocercal  and 
is  both  internally  asymmetrical  (the  ver- 
tebral column  bends  dorsally  in  the  tail) 
and  externally  asymmetrical.  A  "chon- 
drostean  hinge"  occurs  at  the  base  of  the 
upper  lobe  of  the  primitive  actino- 
pterygian  tail  and  represents  a  zone  of 
weakness  between  the  body  scale  rows 
(running  in  an  obliquely  posterior  direc- 
tion) and  the  scale  rows  in  the  epichordal 
tail  lobe  (with  an  anteroventral  inclina- 
tion) which  serve  to  stiffen  the  tail  {Ad- 
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Figure  14.  Phylogeny  of  the  Teleostei.  Taxa  known  only  from  fossils  are  indicated  with  a  dagger.  Monophyly  of  the 
Teleostei  is  established  in  Figure  6,  and  monophyly  of  the  various  subgroups  is  considered  below.  The  "Protacantho- 
pterygii"  is  discussed  on  p.  132,  see  Fig.  28.  Characters  corroboratmg  the  branching  of  the  primitive  teleostean  fossil 
taxa  are  discussed  and  presented  in  Patterson  (1977b).  The  characters  are:  1,  presence  of  an  endoskeletal  basihyal 
(Nelson,  1969a:  Patterson,  1977a);  2,  four  pharyngobranchials;  3,  three  hypobranchials  present;  4,  basibranchial  and 
basihyal  cartilages  overlain  by  median  toothplates  (Rosen,  1982);  5,  two  uroneurals  extend  anteriorly  over  the  second 
ural  centrum  (Patterson,  1977);  6,  "epipleural  intermuscular  bones  developed  throughout  the  abdominal  and  anterior 
caudal  regions"  (Patterson,  1977b:  630);  7,  retroarticular  bone  excluded  from  the  quadratomandibular  joint  surface;  8, 
toothplates  fused  with  endoskeletal  gill  arch  elements;  9,  neural  arch  on  ural  centrum  one  reduced  or  absent  (Patterson, 
1977b);  10,  articular  bone  co-ossified  with  the  angular  (Nelson,  1973);  11,  the  presence  of  an  adipose  fin;  12,  presence 
of  nuptial  tubercles  (Wiley  and  Collette,  1970);  13,  the  presence  of  an  anterior  membraneous  outgrowth  of  the  first 
uroneural  that  does  not  meet  its  antimere  In  the  midline  (Patterson  and  Rosen,  1977);  14,  the  presence  of  a  retractor 
dorsalis  muscle  (see  lext;  Rosen,  1973);  15,  a  rostral  cartilage  (Fink  and  Weitzman,  1981);  16,  tooth  attachment  to  bone 
is  Type  4  (Fink,  1981);  17,  Aw  division  of  adductor  mandibulae  has  a  posterior  tendinous  insertion  on  the  quadrate, 
preoperculum,  or  operculum  (Lauder,  unpublished);  18,  reduction  of  second  preural  neural  spine  to  a  half-spine  (Rosen, 
1973);  19,  retractor  dorsalis  with  a  tendinous  insertion  on  the  third  pharyngobranchial  (Rosen,  1973);  20,  loss  of  the 
primitive  mandibulohyoid  ligament  and  the  presence  instead  of  an  interoperculo-hyoid  ligament  (Lauder,  1982a);  21, 
fusion  of  a  toothplate  to  the  third  epibranchial.  (Rosen  (1973)  lists  several  additional  characters  at  this  level,  but  these 
have  been  studied  in  more  detail  by  Fink  and  Weitzman  (1981)  and  are  not  found  to  be  uniquely  derived  features);  22, 
pharyngohyoideus  (the  primitive  teleostean  rectus  communis)  inserts  on  the  urohyal,  but  see  text  for  discussion  (Lauder, 
1982a);  23,  reduction  or  loss  of  pharyngobranchial  four  and  the  main  insertion  of  the  retractor  dorsalis  onto  the  third 
pharyngobranchial;  24,  the  presence  of  well-developed  ctenoid  scales  (Rosen,  1973;  ctenoid  scales,  however,  are  also 
present  in  more  primitive  clades);  25,  expansion  of  ascending  and  articular  premaxillary  processes  (Rosen,  1973;  this 
level  on  the  cladogram  is  not  well  defined);  26,  insertion  of  the  retractor  dorsalis  onto  the  third  pharyngobranchial  only, 
and  enlargement  of  epibranchials  two  and  three.  Various  other  features  of  the  upper  jaw  mechanism  are  discussed  by 
Rosen  (1973,  1982)  but  none  are  unique  to  the  Acanthopterygii  and  this  group  remains  poorly  defined.  (But  see  character 
1,  Fig.  47,  and  Rosen  and  Parenti.  1981.) 
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uclhi.  Fig.  7C,  sliows  this  well;  an  arrow 
points  to  the  hinge).  This  asviniuetricalK 
shaped  tail  is  presmned  to  generate  an 
as>innietrical  thrust  with  respeet  to  the 
body  axis. 

In  teleosts,  however,  the  mal  neural 
arches  ha\"e  become  elongated  into  uro- 
neinals  (Fig.  15C:  un  1-3)  which  function 
both  to  stiffen  the  upper  tail  lobe  and  to 
support  a  series  of  dorsal  fin  rays  (Fig. 
15C:  epr).  The  hypurals  have  become  ex- 
panded, and  the  net  result  is  an  internally 
as\ mmetrical  but  externalK  s\  nmietrical 
caudal  fin.  In  the  earliest  teleost  fishes 
the  uroneurals  were  rather  small  and  dor- 
sal fin  rays  were  tightly  bound  to  the  dor- 
sal hypurals  to  stiffen  the  upper  lobe.  In 
most  teleosts,  the  uroneurals  extend  iar 
anteriorly  across  the  first  and  second 
preural  centra  (Fig.  15C:  un  1-3)  and 
completely  eliminate  the  primitive  line 
of  flexion  in  the  upper  tail  lobe.  The  func- 
tional significance  of  the  anatomical 
changes  in  caudal  structure  for  teleostean 
locomotion  remains  problematical.  It  is 
usually  assumed  that  the  externally  sym- 
metrical teleostean  tail  generates  sym- 
metrical thrust  that  passes  through  the 
center  of  mass  of  the  fish,  in  contrast  to 
the  oblique  (anteroventral)  thrust  gener- 
ated b\'  the  asymmetrical  chondrostean 
tail  (Patterson,  1968a).  There  is,  however, 
very  little  experimental  evidence  to  sup- 
port such  speculations,  and  all  of  the  de- 
tailed experimental  studies  on  caudal 
structure  and  function  (e.g.,  Webb,  1975, 
1982)  have  focused  on  euteleostean  fish- 
es. The  first  actual  measurements  of  bone 
deformations  in  the  symmetrical  tail  of 
teleost  fishes  (Lauder,  1982b;  see  Fig.  16) 
show  that  during  continuous  locomotion, 
the  hypurals  are  probably  being  twisted 
about  their  long  axis,  and  that  the  thrust 
may  be  anteroventrally  inclined.  During 
rapid  fiist-start  accelerations,  however, 
strain  patterns  are  consistent  with  an  an- 
teriorly directed  thrust  (Fig.  16).  These 
data  underscore  the  need  for  caution  in 
simple  extrapolations  ("s\inmetrical  tail 


equals  symmetrical  thrust")  and  the  ne- 
cessity for  comparative  fiuictional  data 
from  living  non-teleost  actinopter\  gians 
such  as  Aniia,  Lepisosteus,  and  Polypter- 
us.  The  oft-cited  correlation  between  the 
reduction  in  weight  of  scalation,  in- 
creased buovancy  control,  and  symmetry 
of  caudal  structm-e  needs  to  be  subjected 
to  critical  examination. 

Teleost  fishes  may  also  be  character- 
ized by  modifications  in  the  jaw  muscu- 
lature. Non-teleost  actinopterygians  are 
all  very  similar  in  ventral  throat  muscu- 
lature anatomy,  closely  resembling  the 
primitive  condition  illustrated  in  Figure 
8  with  an  intermandibularis  posterior 
muscle  spanning  the  mandibular  rami, 
and  an  interhx  oideus  extending  anteriorK' 
from  the  ceratohyal  and  epih\'al  to  insert 
on  the  branchiostegal  rays  and  fascia  dor- 
sal to  the  gular  plate(s)  and  intermandib- 
ularis posterior.  In  teleosts,  the  genio- 
hyoideus  muscle  extends  between  the 
mandibular  symphysis  and  the  hyoid  (Fig. 
13:  gh)  and  is  composed  of  a  fused  inter- 
mandibularis posterior  (trigeminal  inner- 
vation) which  forms  the  geniohyoideus 
anterior,  and  the  interhyoideus  (facial  in- 
nervation) which  comprises  the  genio- 
hyoideus posterior  (see  Winterbottom, 
1974a).  The  hyohyoideus  musculature  of 
teleosts,  which  regulates  abduction  and 
adduction  of  the  branchiostegal  rays  and 
is  instrumental  in  governing  branchioste- 
gal pump  function  during  respiration 
(Gosline,  1971),  appears  to  be  derived 
from  the  interhyoideus  of  primitive  acti- 
nopterygians. Finally,  teleost  fishes  have 
lost  the  anterior  component  of  the  adduc- 
tor mandibulae  present  in  primitive  acti- 
nopterygians (Fig.  8:  AMa),  and  also  in 
Amia  as  the  "levator  maxillae  superioris" 
(Allis,  1897). 

Teleostean  phylogeny  has  been  the 
subject  of  intensive  investigation  in  the 
last  decade,  stimulated  primarily  by  the 
publication  in  1966  of  the  now  classic  pa- 
per by  P.  H.  Greenwood  et  ah  on  teleos- 
tean phylogeny  and  classification.  Prior 
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Figure  16.  Caudal  skeleton  of  a  pumpkinseed  sunfish  {Lepomis  gibbosus)  showing  the  patterns  of  hypural  compression 
and  tension  resulting  from  both  continuous  locomotion  (CLC)  and  fast-start  accelerations  (FS).  Hypural  deformation 
was  recorded  with  a  strain  gauge  (see  Lauder,  1982b).  Note  that  during  continuous  locomotion  the  angle  of  the  principal 
strain  axes  is  tilted  anteroventrally  indicating  that  the  hypurals  are  being  twisted.  There  is  no  necessary  correlation 
between  the  presence  of  an  externally  symmetrical  tail  and  symmetrical  patterns  of  thrust  or  deformation. 


to  1966,  views  on  the  interrelationships 
of  the  major  groups  of  living  fishes  had 
changed  little  since  the  work  of  C.  T.  Re- 
gan in  the  1920's  and  teleostean  phylog- 
eny  was  poorly  understood.  Patterson 
(1977b:  634)  has  noted  that  "the  mam- 
malian analogy  would  be  if  the  distinc- 
tion between  monotremes,  marsupials, 
and  placentals  was  not  recognized  until 
ten  years  ago."  Greenwood  et  al.  (1966) 
dismantled  many  of  the  clearly  unnatural 
groups  of  teleost  fishes,  and  the  subse- 
quent impact  of  the  methodology  of  Hen- 
nig  (1966)  has  resulted  in  a  tremendous 
increase  in  our  understanding  of  teleos- 
tean phylogeny  (see  Greenwood  et  al., 
1973;  Patterson  and  Rosen,  1977).  Pat- 
terson and  Rosen  (1977)  have  recently 
reexamined  several  of  the  early  fossil 
teleostean  groups,  in  particular  the 
pholidophorids,  leptolepids,  and  ichthy- 
odectids,  and  have  concluded  that  only 
the  ichthyodectiforms  constitute  a  natu- 
ral group  (Fig.  14).  Many  of  the  fishes  as- 
signed to  the  "Pholidophoridae"  and 
"Leptolepidae"  are  so  poorly  known  that 


only  a  few  forms  can  be  placed  with  con- 
fidence (Fig.  14). 

There  are  four  major  groups  of  living 
teleosteans,  the  Osteoglossomorpha,  the 
Elopomorpha,  the  Clupeomorpha,  and  the 
Euteleostei;  and  while  hypotheses  of  the 
interrelationships  of  these  groups  have 
changed  considerably  within  the  last  de- 
cade, each  appears  to  be  a  well  corrobo- 
rated monophyletic  group.  Each  of  these 
groups  will  be  considered  in  detail  be- 
low. The  interrelationships  of  the  lour 
major  living  groups  of  teleosts  have  been 
most  recently  examined  by  Patterson  and 
Rosen  (1977)  and  their  account  is  sum- 
marized in  Fig.  14.  The  osteoglosso- 
morph  ("bony-tongued")  fishes  comprise 
the  most  primitive  group  of  living  te- 
leosts (also  see  Gosline,  1980).  The  other 
three  groups  (elopocephalans)  are  united 
by  the  presence  of  only  two  uroneurals 
(Fig.  14:  characters).  Gosline  (1965;  1980: 
21)  has  suggested  that  this  group  shares 
a  nasal  pumping  system  effected  by 
movements  of  the  antorbital  bone,  but  this 
character  has  yet  to  be  examined  in  de- 
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tail.   Within   the   elopocephahm   assem-  ichthyoh)gists    in   recent  years.   Green- 

blage,  the  Elopomoipha  (tarpons  and  eels)  wood  (1967,   1970,   1971,   1973),  Nelson 

are  the  most  primitive  group.  The  more  (1968,  1969b,  1972),  and  Taverne  (1977, 

derived  Clupeomorpha  (herrings)  and  1978,    1979)   have   conducted  the   most 

Euteleostei  share  several  features  oi  era-  comprehensive  analyses.  Despite  this  lit- 

nial  and  caudal  anatomy  (Fig.  14).  erature,  it  is   still   not  possible  to  show 

While  the  Euteleostei  form  the  bulk  of  convincingly  that  osteoglossomorph  fish- 

teleost  fishes,  this  group  has  also  been  es  are  strictly  monophyletic.  Although  no 

one  of  the  most  difficult  to  characterize  recent  author  appears  to  have   doubted 

with  derived  characters.  Although  three  this,   other  groups   such   as   the    ichth\- 

characters   in  particular  are   commonly  odectiforms  (Fig.  14)  are  often  included 

used  (Fig.  14:  11-13),  these  features  are  in  the  Osteoglossomorpha  (e.g.,  Taverne, 

widely  distributed  only  in  primitive  eu-  1979),  and  few  of  the  characters  proposed 

teleostean  fishes  (many  of  which  lack  the  as  corroborating  monophyly  stand  up  to 

characters)  and  do  not  form  an  entirely  close  examination. 

satisfactory   definition   of  the   group.   A  Osteoglossomoiphs  are  first  known  from 

comprehensive  defining  set  of  characters  the   Upper  Jurassic,  but  the   branching 

for  the  Euteleostei  remains  a  key  goal  of  from  the  elopocephahm  lineage  (Fig.  14) 

systematic  ichthyology.  may  be  considerably  older  than  this.  Of 

The  feeding  mechanism  in  the  early  te-  special  interest  to  biogeographers  is  the 

leost  fishes,  depicted  diagrammaticalK  in  fact   that   living   or   fossil    osteoglosso- 

Figure   13,  differs  from  both  that  of  the  morphs  are  known  from  ever\  continent 

early  actinopterygian  fishes  and  that  of  except  Europe  (Patterson,   1981a)  and  a 

advanced  teleosts  with  a  protrusible  up-  new  set  of  lycopterids,  relatives  of  the 

per  jaw.  The  premaxilla  is  usually  small  living  Hio don  (North  American),  have  re- 

and  slightly  mobile  on  the  neurocranium  centh  been  reported  from  China. 

although  in  some  groups  (e.g.,  the  Osteo-  Two  characters  are  often  mentioned  as 

glossomorpha)  it  becomes  immovably  at-  characteristic  of  osteoglossomorph  fishes: 

tached  to  it.  The  maxillary  bone  (Figs.  12  the  presence  of  a  "tongue — parasphenoid 

and  13:  mx)  forms  the  main  tooth-bearing  bite,"  and  paired  bony  rods  or  processes 

element  of  the  upper  jaw  and  swings  an-  at  the  base  of  the  second  gill  arch  (see 

teriorly  during  prey  capture  to  occlude  Lauder  and  Liem,  in  press;  Greenwood, 

the  corners  of  the  mouth.  This  s\  stem  dif-  1973;    Nelson,    1968).   The   osteoglosso- 

fers  very  little  from  the  feeding  media-  morph  fishes  take  their  name  from  the 

nism  of  A/Jijfl.  In  general,  the  inertial  sue-  tongue  bite  in  which  the  basihval,  cov- 

tion  feeding  mechanism  of  teleost  fishes  ered   by   a   massive   toothplate,   "bites" 

involves   expansion   of  the   orobranchial  against  the  roof  of  the  mouth  which  bears 

chamber  (Fig.  13:  bpc)  by  elevation  of  the  large  teeth  (Fig.  17).  Nelson  (1968:  271) 

head,  depression  of  the  jaw,  depression  has  suggested  that  in  morm\  rids,  the  first 

of  the  hyoid  apparatus  and  lateral  move-  basiljranchial  supports  most  of  the  tongue 

ments  of  the  suspensory  apparatus.  These  toothplate.)  The  biting  action  occurs  fol- 

expansive  movements  create  a  low  pres-  lowing   initial    prey   capture   In    inertial 

sure  center  in  the  buccal  ca\  it\    which  suction,  and  residts  in  the  shredding  and 

creates  a  How  of  water  into  the  mouth.  decapitation  of  prey  items.  The  utilit>  of 

The  inertial  suction  feeding  mechanism  this  chewing  complex  tor  characterizing 

is  a  feature  of  major  significance  to  the  the    Osteoglossomorpha    is    called    into 

evolution  of  teleostean  fishes.  question  by  the  observation  that  Heter- 

™        ^^  Otis  and  GiinuKirclius  lack  i^arasphenoid 

The  Osteoglossomorpha  ^     ^i          .',    ^             ,        ■  i  .     .i 

teeth,   and   tliat   parasphenoul   teeth   are 

The  osteoglossomorph  fishes  have  been  present  in   more  primitix  e  fossil  teleos- 

subjected  to  close  scrutiny  by  systematic  tean  clades  (Patterson  and  Rosen,  1977; 
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Fig.  14).  This  chewing  apparatus  may  thus 
he  shared  h\'  more  primitixe  teleost  fish- 
es and  not  he  inchcative  of  osteoglosso- 
morph  monoph\l\.  All  osteoglosso- 
morphs  do,  however,  appear  to  share  an 
additional  feature  of  the  chewing  com- 
plex. The  palatal  bones  (mesopterygoid 
and  ectopter\  goid)  are  toothed  (in  Het- 
erotis  only  the  mesopteiygoid  is  toothed), 
and  as  the  basihyal  teeth  move  dorsally 
to  "bite"  against  the  parasphenoid  as  a 
result  of  h\oid  prohaction,  shearing  of  the 
pre\-  occurs  between  the  basihyal  teeth 
and  the  lateral  mesopterygoid  and/or  ec- 
topterygoid  teeth.  This  shearing  action  is 
thus  in  addition  to  the  puncturing  and 
crushing  provided  by  the  basih\ al — para- 
sphenoid bite,  and  the  entire  tongue-bite 
complex  functions  as  a  highly  effective 
mechanism  for  immobilizing  and  prepar- 
ing prey  for  digestion. 

The  second  character  often  used  to  dis- 
tinguish osteoglossomorph  fishes  is  "the 
e\  olution  of  a  discrete  connection  be- 
tween the  sternohyoid  and  tlie  second  gill 
arch  near  the  midline"  (Fig.  18;  Green- 
wood, 1973:  309).  An  examination  of  ster- 
nohyoid— gill  arch  relationships  in  te- 
leosts  reveals  that  a  widespread  feature 
in  elopomorphs,  clupeomorphs,  ostario- 
physans,  paracanthopterygians,  and  many 
acanthopterygians  is  a  tendinous  connec- 
tion between  the  sternohyoideus  and  a 
xentrally  directed  process  on  hypobran- 
chial  three  (Lauder,  1983).  This  feature 
appears  to  be  primitive  at  least  for  elo- 
pocephalans,  although  the  possibility  that 
ichth\odectids,  Pholidophorus,  or  aspi- 
dorhynchiforms  also  possessed  a  sterno- 
h\'oideus  connection  to  the  gill  arches 
cannot  be  rvded  out.  However,  the  attach- 
ment of  the  sternohyoideus  to  hypobran- 
chial  two  does  appear  to  be  confined  to 
osteoglossomorphs.  Most  osteoglosso- 
morphs  ha\  e  ventrally  directed  processes 
on  both  hypobranchials  two  and  three, 
and  unless  this  feature  is  found  in  more 
primitive  fossil  teleosteans  it  would  seem 
to  be  unique  to  osteoglossomorph  fishes. 

One  con\incing  character  luiiting  all 
living  osteoglossomorphs   into  a  mono- 


Figure  17.  Lateral  view  of  the  syncranium.  tongue,  hyoid 
(hy),  basibranclnial  (bb),  lower  jaw,  and  pectoral  girdle  (pg) 
of  Hiodon.  to  show  the  major  bony  components  of  the 
"tongue-parasphenoid  bite"  which  is  common  to  many  os- 
teoglossomorph fishes.  Note  the  massive  dentition  on  the 
tongue  and  the  parasphenoid  (ps)  of  the  roof  of  the  mouth. 
Not  shown  are  the  toothed  bones  of  the  palatoquadrate 
located  lateral  to  the  tongue  on  each  side.  The  shearing 
mechanism  resulting  from  dorsoventral  movements  of  the 
tongue  with  adducted  palatoquadrates  appears  to  be  a 
shared  feature  of  all  osteoglossomorphs.  More  primitive 
teleosts  have  parasphenoid  (and  perhaps  also  basihyal) 
teeth  and  not  all  osteoglossomorphs  possess  a  dentiger- 
ous  parasphenoid. 


phyletic  group  is  the  pattern  of  coiling  in 
the  gut  (Nelson,  1972).  In  all  primitive 
actinopterygians,  "the  anterior  part  of  the 
intestine  passes  posteriorly  to  the  right  of 
the  esophagus  and  stomach"  (Nelson, 
1972:  326),  and  this  is  true  for  higher  te- 
leosts as  well.  In  osteoglossomorphs,  the 
gut  passes  to  the  left  of  the  esophagus 
and  stomach,  and  one  or  two  pyloric  cae- 
ca are  consistently  present.  A  summary  of 
the  other  characters  that  corroborate  os- 
teoglossomorph monophyly  is  presented 
in  Figure  19. 

Within  the  osteoglossomorpha,  there  is 
a  great  diversity  in  trophic  biology.  In- 
sectivorous and  piscivorous  predators  as 
well  as  filter  feeders  and  benthic  feeding 
fishes  occur.  Heterofis,  a  filter  feeder,  has 
a  specialized  epibranchial  organ  (Tav- 
erne,  1977;  Nelson,  1967a)  which  appar- 
ently functions  in  the  maceration  of  fil- 
tered material  prior  to  swallowing.  The 
gross  morphologx  of  the  osteoglosso- 
morph brain  (Fig.  20)  appears  to  be  rel- 
ativelv  primitive,  although  the  forebrain 
of  Arapaima    and   the   enomiously   en- 
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Figure  18.  Ventral  gill  arch  muscles  and  sternohyoideus  (SH)  of  Scleropages  in  left  lateral  view  (from  Greenwood 
[1971],  courtesy  of  the  Trustees  of  the  British  Museum  [Nat.  Hist.]).  The  hypohyal  has  been  partly  cut  away.  Note  the 
prominent  bony  process  on  the  second  gill  arch  indicated  by  the  arrow. 

Abbreviations:  Bbl,  basibranchial  one;  Cb  l-V,  ceratobranchials  (arches  l-V);  CL,  cleithrum;  CT,  connective  tissue  sur- 
rounding lateral  and  ventral  edges  of  basihyal  and  Its  anterior  tooth  plate;  Gr,  gill  rakers;  Hb  I  and  II,  hypobranchial  of 
first  and  second  arch;  Hpic,  hypohyal  (cut  through);  Ob  1-3,  obliquus  muscle  (1st-3rd  gill  arches),  PhC  A  and  P,  external 
and  internal  pharyngocleithralis  muscles;  PRII,  bony  process  from  second  hypobranchial;  R,  rectus  muscle;  SH,  ster- 
nohyoideus muscle. 


larged  cerebellum  of  the  electrogenic  ed  into  two  major  clades,  the  Notopter- 

momiyrids  clearly  represent  specialized  oidei,  containing  the  families  Notopteri- 

conditions.  idae,  Mormyridae,  and  Hiodontidae,  and 

The  Osteoglossomorpha  may  be  divid-  the   Osteoglossoidei   containing  the   Os- 


Figure  19.  Phylogenetic  relationships  of  the  Osteoglossomorpha.  Characters  are:  1,  "shearing  bite"  between  the  ba- 
sihyal teeth  and  lateral  pterygoquadrate  teeth;  2,  small  premaxilla  firmly  fixed  to  the  skull;  3,  intestine  coils  to  left  of 
esophagus  and  stomach  (Nelson,  1972);  4,  Taverne  (1979)  has  recently  proposed  (but  also  see  Gosline,  1960;  Greenwood 
et  al..  1966)  that  osteoglossomorphs  share  a  distinctive  caudal  skeleton  in  which  one  or  more  epurals  are  fused  with 
neural  arches  of  the  caudal  to  form  "neurepurals";  6,  parapophyses  fused  with  vertebral  centra;  7,  loss  of  supramaxillae; 
8,  other,  more  questionable  characters  proposed  for  the  Osteoglossomorpha  include  reticulate  scales,  16  or  fewer 
branched  caudal  rays,  and  a  ventral  process  at  the  base  of  the  second  gill  arch  (see  text);  9,  fusion  of  hypurals  (usually 
3,  4,  and  5  at  least);  10,  septum  bisecting  the  eye,  extending  between  the  retina  and  lens  (Haedrich  et  al.,  1973);  11, 
articulation  between  ventrolateral  peg  of  the  parasphenoid  and  the  entopterygoid  (Greenwood  ef  al.,  1966:  363);  12, 
fusion  of  antorbital  and  lacrimal  (Nelson,  1969b);  13,  uroneurals  fused  with  the  dorsalmost  hypural;  14,  third  infrapha- 
ryngobranchial  "with  medial  portion  segmented  off  as  a  distinct  cartilage"  (Nelson,  1968:  268);  15,  maxilla  fixed  to  cheek 
and  does  not  swing  anteriorly  on  its  dorsal  palatal  articulation  during  feeding;  16,  small  "Al"  division  of  the  adductor 
mandibulae  inserts  on  the  maxilla  (personal  observation;  Kershaw,  1976);  17,  single  basibranchial  toothplate  "extending 
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to  the  anterior  end  of  a  cartilagenous  basihyal"  (Nelson,  1968;  269)  (see  Taverne  [1979]  for  numerous  other  characters); 
18,  numerous  unique  features  of  the  gill  arches  (Nelson,  1968)  including  the  structure  of  the  basibranchials  and  infra- 
pharyngobranchials;  19,  loss  of  the  orbitosphenoid  (Greenwood  ef  a/.,  1966:  362)  (see  Taverne  |1979|  for  numerous 
other  characters);  20,  "osteoglossomorph  type"  of  otophysic  connection  (see  Greenwood,  1973);  21,  ventral  throat 
musculature  containing  an  anteroposteriorly  oriented  intermandibularis  posterior  muscle  that  is  not  fused  with  the 
interhyoideus;  22,  medial  process  of  the  second  and  third  infrapharyngobranchials  of  each  side  overlapping  in  the 
midline  (Nelson,  1968);  23,  uniquely  specialized  infraorbital  bones  (Nelson,  1969b);  24,  utriculus  completely  separated 
from  the  sacculus  and  lagena,  25,  lateral  line  without  pores;  26,  brain  with  greatly  enlarged  cerebellum;  27,  dentary 
sensory  canal  is  an  open  groove  rather  than  enclosed  (Nelson,  1973);  28,  cerebellum  encloses  most  of  the  rest  of  the 
brain;  29,  well-developed  electrogenic  and  electroreceptive  capability  (amongst  many  other  unique  features  of  this 
family);  30,  ventral  hypohyal  lacking;  31,  ventral  bony  scutes  present.  (Drawings  of  fishes  from  J.  S.  Nelson  [1976], 
courtesy  of  John  Wiley  Publishing  Co.) 
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Figure  20^  Dorsal  views  of  the  brains  of  some  representative  osteoglossomorphs.  The  cerebellum  (cb)  in  Osteoglossum 
and  Hlodon  exhibits  only  a  moderate  increase  in  size.  In  Arapaima  the  cerebellum  is  enlarged  as  in  most  osteoglos- 
somorphs. In  Gnathonemus  the  cerebellum  is  greatly  enlarged  enveloping  the  rest  of  the  brain. 

Abbreviations:  cb,  cerebellum;  fb,  forebrain;  ob,  olfactory  bulb;  ol,  optic  lobe. 


teoglossidae  and  Ar(i])iiiina  and  Iletero- 
ti.s,  here  united  into  the  Arapaimidae  (Fig. 
19). 

Osteofflossoidei.  Members  of  this  chide 
possess  one  muscle,  the  geniohyoideus, 
extending  between  the  mandible  and  the 
hyoid  (Fig.  21A)  (Greenwood,  1973;  Ker- 
shaw, 1976).  Although  this  character  has 
been  used  as  a  shared  derived  feature  for 
this  group,  the  presence  of  a  single  genio- 
hv'oideus  imiscle  is  primitive  for  teleosts 
(Lauder,  1982a;  see  p.  117)  and  is  not  in- 
dicative of  shared  connnon  ancestr\  .  Most 
members  of  this  group  possess  so-called 
reticulate  scales  (Fig.  22)  with  small  sur- 


face ridges  ("circulae")  aligned  concen- 
trically in  a  semicircle  on  the  distal  ex- 
posed aspect  of  the  scale  (see  Nelson, 
1969b:  24,  25;  Taverne,  1979:  70).  Retic- 
ulate scales  are  also  found  in  the  mor- 
myrids  as  well  as  in  several  other  te- 
leosts. 

Osteoglo.s.suni,  Arapdiitui,  Sclcyopag,es, 
and  Heterotis  have  evolved  a  mouth- 
brooding  beha\ior  for  caring  for  the 
young,  and  this  pattern  of  parental  care 
appears  to  be  primitixe  for  the  Osteo- 
glossoidei.  Pantodon,  a  higliK  special- 
ized member  of  this  group,  is  a  small  sur- 
face-dwelling  fish    with    an    upturned 
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Figure  21 .  A.  Ventral  hyoid  musculature  of  an  osteoglossold  (Pantodon)  showing  the  single  muscle,  the  geniohyoideus 
(GH)  between  the  mandible  and  the  hyoid.  B.  Ventral  hyoid  musculature  of  a  mormyrid  (Mormyrus),  showing  the  two 
muscles,  the  interhyoideus  (IH)  and  posterior  intermandibularis  (Plf^),  between  the  mandible  and  the  hyoid  (From  Green- 
wood 11971 1,  courtesy  of  the  Trustees  of  the  British  Museum  [Nat.  Hist.).) 


mouth.  Prey  are  small  insects  caught  in 
the  surface  film,  and  Pantodon  also 
breathes  highly  oxygenated  water  horn 
just  below  the  surface.  It  has  been  sug- 
gested that  Pantodon  is  capable  of  air- 
breathing,  a  behavior  well  documented 
in  Arapaima  which  uses  a  modified 
swimbladder  as  a  lung. 

Notopteroidei.  The  ventral  throat  mus- 
culature in  the  three  clades  comprising 
this  suborder  is  distinctly  modified  (Fig. 
21B).  Hiodon  shows  the  most  general- 
ized condition  while  mormyrids  and  no- 
topterids  show  a  specialized  interhyoid- 
eus and  posterior  intermandibularis  that 
is  clearly  a  derived  condition.  The  inner 
ear  of  mormyrids  and  the  notopterid  knife 
fishes  shares  a  condition  in  which  the 
utricidus  and  its  semicircidar  canals  are 
completely  separated  from  the  sacculus 


and  lagena  (Fig.  23),  and  the  highly  spe- 
cialized cephalic  lateral  line  system  is 
without  pores.  The  family  Notopteridae 
possesses  an  enlarged  toothplate  cover- 
ing the  tongue  and  an  enlarged  cerebel- 
lum. Notopterids  are  elongate  and  later- 
ally flattened  nocturnal  fishes  that  propel 
themselves  by  undulations  of  the  long 
anal  fin  and  are  capable  of  breathing  air. 
Unlike  the  other  osteoglossiform  families 
which  have  very  few  species,  the  Mor- 
myridae  has  undergone  an  evolutionary 
radiation  differentiating  into  over  300 
species.  The  most  outstanding  features 
characterizing  this  family  are  the  electro- 
genie  organs  derived  from  caudal  mus- 
cles and  the  greatly  enlarged  cerebellum 
(Fig.  20).  Mormyrids  feed  at  least  in  part 
by  electrolocation  (Hopkins,  1981)  and 
exploit  the   rich   bottom   fauna  of  small 
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lateral   line   canal 


Figure  22.  Lateral  line  scale  of  Osteoglossum  bicirrtio- 
sum.  The  scale  is  typically  ornamented.  The  radii  form  a 
coarse  and  irregularly  reticulated  pattern,  both  apically 
and  basally.  (After  Taverne,  1977.) 


worms  and  wormlike  insects.  The  mor- 
myrids  largely  occupy  nocturnal  bottom 
feeding  niches  in  the  rivers  of  Africa. 
Gymnarchus  niloticiis,  often  placed  in  a 
separate  family  Gymnarchidae,  is  a  close 
relative  of  the  mormyrid  fishes. 

The  last  clade  in  the  Notopteroidei  is 
the  genus  Hiodori,  with  two  extant 
species,  Hiodon  tergisus  and  H.  alo- 
soicles.  These  are  the  only  osteoglosso- 
morphs  found  in  North  American  waters. 
Although  Hiodon  is  often  cited  as  being 
a  very  primitive  teleost,  it  shows  many 
specializations,  especially  in  the  brain- 
case  and  swimbladder  (Greenwood, 
1973).  The  swimbladder  has  a  diverticu- 
Imn  on  each  side  extending  anteriorly  into 
the  ear.  Within  the  ear,  this  diverticulum 
is  separated  by  a  thin  membrane  from  a 
vesicle  which  is  filled  with  perilymph  and 
connected  with  the  utriculus  of  the  inner 
ear  via  a  foramen  in  the  prootic  bone. 

The  Elopomorpha 

The  Elopomorpha  contains  about  650 
species  (J.  Nelson,  1976)  which  vary  tre- 
mendously in  body  fomi  and  habit  from 
the   more  conventionally  shaped   mega- 


lopids  (tarpons)  to  the  highly  aberrant 
saccopharyngoid  deepsea  eels.  Elopo- 
morph  fishes  may  be  divided  into  seven 
major  groups:  the  Elopidae,  tenpoun- 
ders;  the  Megalopidae,  tarpons;  the  Al- 
bulidae,  bonefishes;  the  anguilloids,  eels, 
containing  about  600  of  the  650  elopo- 
morph  species  and  about  19  families;  the 
saccopharyngoids,  bathypelagic  eels;  the 
Halosauridae,  deep-sea  halosaurs;  and  the 
Notacanthidae,  deep-sea  spring  eels. 

The  interrelationships  of  these  groups 
has  been  a  matter  of  considerable  debate 
in  recent  years,  and  elopomorph  phylog- 
eny  has  been  most  recently  considered 
by  Greenwood  (1977)  and  Patterson  and 
Rosen  (1977).  It  has  become  increasingly 
clear,  however,  that  the  elopomorph  fish- 
es form  a  natural,  monophyletic  group 
which  may  be  defined  on  the  basis  of  sev- 
eral specializations  (Forey,  1973a,  b; 
Greenwood,  1977;  Patterson  and  Rosen, 
1977).  The  most  remarkable  feature 
shared  by  elopomorph  fishes  is  the  oc- 
currence of  a  leptocephalus  larva,  an 
elongate  ribbonlike  larva  with  a  small 
head  and  greatly  extended  body.  See  Hu- 
let  (1978)  and  Leiby  (1981)  for  descrip- 
tions of  eel  leptocephali.  The  leptoceph- 
alus may  be  larger  than  the  adult  and  is 
generally  translucent  with  clearly  visible 
segmented  myotomes  along  the  body. 
While  the  larval  forms  of  all  elopomorphs 
are  not  known,  leptocephalus  larvae  do 
occur  in  all  of  the  major  elopomorph 
groups.  A  number  of  osteological  features 
also  may  be  used  to  define  the  Elopo- 
morpha (Fig.  24):  fusion  of  the  angular 
and  retroarticular  bones  of  the  lower  jaw 
and  the  occurrence  of  rostral  and  pre- 
nasal  ossicles  in  the  snout. 

The  Suborder  Anguilloidei  contains  the 
vast  majority  of  the  elopomorph  fishes  and 
is  divided  into  two  superfamilies,  the  An- 
guilloidea  and  Saccopharyngoidea  (Fig. 
24).  The  saccopharyngoids,  with  eight 
nominal  species  in  three  families,  are 
highly  specialized  deep-sea  fishes  with 
elongate  bodies  and  large  mouths  capa- 
ble of  engulfing  extremely  large  prey  rel- 
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Figure  23.  A.  Medial  view  of  the  inner  ear  of  a  notopteroid,  showing  the  complete  separation  of  the  utriculus  (utr)  with 
its  semicircular  canals  from  the  sacculus  (sac)  and  lagena  (lag).  The  intraotic  extension  of  the  swimbladder  (sb)  is 
outlined.  B.  Medial  view  of  the  inner  ear  of  an  osteoglossoid  exhibiting  the  primitive  condition. 


ative  to  their  own  body  size.  The  skull  is 
highly  modified,  and  many  bones  are 
lacking  as  are  scales,  pelvic  fins,  the  cau- 
dal fin,  ribs,  and  swimbladder.  These 
fishes  are  so  bizarre  that  their  relation- 
ships have  been  a  matter  of  controversy 
in  the  past,  although  now  it  is  generally 
recognized  that  the  anguilloid  eels  are 
their  closest  relatives  (Fig.  24).  The  An- 
guilloidea  includes  a  wide  diversity  of 
eel-like  fishes  ranging  from  the  well- 
known  AnguiUa  rostrata,  the  American 
eel  (Family  Anguillidae),  to  the  deep-sea 
snipe  eels  (family  Nemichthyidae)  and 
snake  eels  (Ophichthidae).  All  forms  are 
highly  elongate,  and  pelvic  fins  are  ab- 
sent in  all  Recent  eels.  The  Anguillidae 
is  the  only  family  of  eels  containing 
members  that  spend  part  of  their  life  in 
freshwater.  All  other  eel  families  are  ex- 
clusively marine.  Spawning  of  the  North 
American  eel  and  the  European  eel  (A. 
ang,uiUa)  takes  place  in  the  Sargasso  Sea, 
and  the  leptocephalus  lai-vae  then  drift 
either  to  North  America  or  Europe  where 
they  metamorphose  into  elvers  which 
often   enter  freshwater  to   mature   into 


adults.  The  lifecycle  is  completed  when 
the  adults  migrate  back  into  the  sea  and 
travel  to  the  Sargasso  where  reproduction 
occurs  and  the  adults  die.  The  American 
eel  differs  from  the  European  species  in 
spawning  site  as  well  as  in  the  length  of 
larval  life.  Both  have  the  same  pattern  of 
life  history. 

The  sister  group  of  the  Anguilloidei  is 
a  group,  the  Albuloidei,  composed  of  the 
Albuloidea  (bonefishes)  and  Halosauroi- 
dea  (halosaurs  and  notacanths)  (Fig.  24). 
The  bonefishes,  of  which  Albula  viilpes 
is  the  best  known,  occur  worldwide  in 
tropical  seas.  They  have  a  small  mouth, 
and  generally  feed  in  schools  on  bottom 
living  invertebrates.  The  halosauroids  are 
divided  into  two  groups,  both  found  in 
the  deep-sea  with  a  worldwide  distribu- 
tion. The  Halosauridae  (3  genera)  are 
elongate  with  a  prominent  lateral  line  and 
have  a  sensitive  snout  that  is  apparently 
used  for  food  detection.  Halosaurs  are 
bathypelagic  and  retain  a  swimbladder 
(lost  in  many  benthic  fishes).  The  Nota- 
canthidae,  or  spiny  eels  (Fig.  24),  are  sim- 
ilar in  habit  to  the  halosaurs  although  their 
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Elopldae 


Megalopidae        Albuloidea         Notacanthidae  Halosauridae  Anguilloidea         Saccopharyngoidea 


Figure  24.  Phylogeny  of  the  Elopomorphg.  The  Elopidae,  Megalopidae,  and  Anguilliformes  form  an  unresolved  tricho- 
tomy based  on  present  data.  Shared  derived  characters  of  the  Elopomorpha  include  1,  the  presence  of  a  leptocephalus 
larva;  2,  fusion  of  the  angular  and  retroarticular  bones  of  the  lower  jaw;  and  3,  the  presence  of  rostral  and  prenasal 
ossicles.  See  Patterson  and  Rosen  (1977)  for  further  characters.  Justification  of  the  branching  pattern  in  the  Anguilli- 
formes may  be  found  in  Greenwood  (1977)  and  Forey  (1973).  (Drawings  of  fishes  from  J.  S.  Nelson  [1976],  courtesy  of 
John  Wiley  Publishing  Co.) 


food  seems  to  consist  more  of  soft-bodied 
deep-sea  invertebrates.  One  rather  mod- 
ified notacanth,  Lipogemjs,  often  placed 
in  a  separate  family,  is  poorly  known  but 
lacks  teeth  and  possesses  a  small  subter- 
minal  suctorial  mouth  (Greenwood,  1977). 
rhe  two  remaining  groups  of  elopo- 
morphs,  the  iMegalopidae  and  Elopidae, 
are  often  considered  to  be  closely  related 
to  each  other,  together  forming  the  sister 
group  to  the  Anguilliformes.  Patterson  and 
Rosen  (1977)  ha\e  recentK  reviewed  the 
evidence  for  this  dicliotonn'  and  have 
concluded  that  little  justification  exists, 
and,  on  i:)resent  evidence,  the  interrela- 
tionships of  the  Elopidae,  Megalopidae, 


and  Anguilliformes  are  best  represented 
as  an  unresoK  ed  trichotomy  (Fig.  24).  The 
family  Elopidae,  tenpounders,  contains  a 
single  genus  Elops  with  about  five  species 
which  are  distributed  worldwide  in  trop- 
ical seas.  Most  commonK  foimd  in  estu- 
aries and  near  shore  as  adults,  tenpound- 
ers may  invade  brackish  waters.  The 
Megalopidae,  tarpons,  with  two  species 
in  tropical  and  subtropical  waters  of  the 
Pacific  and  Atlantic,  grow  to  a  large  size 
(maximum  length  about  2  m)  and  are 
iuii(iue  among  elopomorphs  in  possess- 
ing a  connection  between  the  ear  and  the 
swimbladder  (Greenwood,  1970).  This 
otophysic  connection  consists  of  paired 
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cranial  swinihlackler  diverticula  which 
extend  anteriorK  to  ibrni  small  air-filled 
bullae  near  the  ear.  The  significance  of 
this  arrangement  for  soimd  reception  in 
tarpons  is  as  yet  iniclear. 

The  Clupeomorpha 

The  Clupeomorpha  (herringlike  fishes) 
first  appear  in  the  Lower  Cretaceous. 
Most  of  the  Recent  members  (4  families 
and  over  290  species)  are  primarily  ma- 
rine, although  many  move  easily  into 
brackish  and  freshwater.  They  inhabit 
oceans  and  seas  all  the  way  from  the 
warmest  water  in  the  tropics  to  very  cold 
water  in  the  far  north  and  south.  Most  are 
plankton  feeders  with  numerous  long  gill 
rakers. 

Four  specialized  character  complexes, 
shared  by  the  Recent  Clupeomorpha  of- 
fer convincing  evidence  that  the  group  is 
a  genuinely  monophyletic  assemblage 
(Grande,  1982a,  b  has  recently  provided 
new  infomiation  on  fossil  clupeomoiph 
fishes).  The  first  feature  is  a  special- 
ized connection  between  the  ear  and 
swimbladder.  The  swimbladder's  for- 
ward extension  divides  on  each  side  of 
the  skull  to  form  two  large  vesicles  which 
are  lodged  within  ossified  bullae  or  ex- 
pansions of  the  prootic  and  pterotic  bones 
(Greenwood  et  al.,  1966;  Greenwood, 
1973).  This  type  of  ear-swimbladder  con- 
nection is  unlike  that  occurring  in  any 
other  group  of  fishes.  The  second  spe- 
cialization affects  the  architecture  of  the 
neurocranium.  Two  prominent  foramina 
are  found  in  the  temporal  (bordered  by 
the  frontals  and  parietals)  and  the  audi- 
tory region  (surrounded  by  the  prootic, 
exoccipital,  and  basiooccipital)  (Fig.  25A). 
The  third  characteristic  feature  is  the  re- 
cessus  lateralis,  a  chamber  in  the  pterotic 
bone  into  which  several  of  the  cranial  lat- 
eral line  canals  empty  (Greenwood  et  al., 
1966).  Finally,  extant  clupeomorphs  have 
a  unique  caudal  skeleton  (Forey,  1975; 
Gosline,  1960;  Greenwood  et  al.,  1966). 
The  urostyle  (Fig.  25B)  is  composed  of 
uroneural  one  and  the  terminal  vertebral 


centrum,  and  Inpural  one  is  autoge- 
nous— separated  b\  a  gap  from  the  uro- 
style (Fig.  25B:  arrow). 

The  Clupeomorpha  and  the  next  major 
clade  to  be  discussed,  the  Euteleostei 
(Fig.  14),  appear  to  be  more  closely  re- 
lated to  each  other  than  either  is  to  any 
other  group  of  teleosts  (Patterson,  1977b; 
Patterson  and  Rosen,  1977).  In  both 
groups  an  important  innovation  is  pres- 
ent, increasing  the  versatility  of  the  feed- 
ing apparatus.  The  upper  pharyngeal 
jaws,  which  are  supported  b\  the  first 
three  pharyngobranchials,  have  a  well- 
anchored  armor  of  teeth  formed  by  the 
complete  fusion  of  the  toothplates  to  the 
endochondral  pharyngobranchial  ele- 
ments (Nelson,  1969a).  Similarly,  in  the 
lower  phar\'ngeal  jaw  the  tooth  plates  fuse 
to  ceratobranchial  five.  One  other  signif- 
icant character  uniting  the  Clupeomor- 
pha and  Euteleostei  is  the  co-ossification 
of  the  angular  and  articular  bones  of  the 
lower  jaw  (Nelson,  1973).  In  more  prim- 
itive groups,  the  dermal  toothplates  are 
only  loosely  attached  to  the  gill  arch  ele- 
ments, and  other  patterns  of  lower  jaw 
bone  fusion  occur.  Other  features  corrob- 
orating Clupeocephalan  monophyly  are 
summarized  in  Figure  14. 

Clupeomorph  relationships  have  yet  to 
be  precisely  defined.  We  provisionally 
follow  Nelson  (1970)  for  most  groups,  and 
represent  the  interrelationships  of  the 
clupeoid  lineages  as  an  unresolved  poly- 
chotomy  (Fig.  26).  The  Denticipitoidei 
contains  only  the  primitixe  Denticeps 
clupeoides  (Clausen,  1959;  Greenwood, 
1968)  from  the  freshwaters  of  Nigeria. 
Denticeps  bears  numerous  small  denti- 
cles on  the  skull  and  parts  of  the  body. 
The  Clupeoidei  contains  the  remaining 
extant  clupeomorphs:  the  Chirocentridae 
(Wolflierrings;  the  only  predaceous  clu- 
peomorphs), Clupeidae  (herrings  and 
menhaden),  Dussumieriidae  (round  her- 
rings), Engraulidae  (anchovies),  and  the 
Pristigasteridae  (sometime  ranked  as  a 
subfamily  of  the  Clupeidae). 

Fossil   clupeomorphs   have  been   de- 
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Figure  25.  A.  Lateral  view  of  a  clupeomorph  neurocranium,  showing  the  temporal  and  auditory  foramina,  surrounded 
respectively  by  the  frontal  (f)  and  parietal  (p)  bones,  and  by  the  prootic  (po),  basioccipital  (boc)  and  exoccipital  (eoc). 
B  Lateral  view  of  a  clupeomorph  caudal  skeleton  showing  the  gap  between  the  "urostyle"  (us)  and  the  first  hypural 
(hy  1). 


scribed  by  Forey  (1973c;  1975),  Green- 
wood (1960),  and  Patterson  (1970),  and 
the  relati()nshii:)s  of  these  lornis  to  the  Re- 
cent Clnpeoniorpha  are  snn)inari/.ed  in 
Figure  26. 

The  major  evohitionary  trends  within 
the  Clnpeoniorpha  are  not  yet  clear  chie 
to  the  hick  of  a  corroborated  ]:)li\  loj^enetic 


hypothesis.  However,  it  is  evident  tliat 
tliere  lias  l^een  a  repeated  and  indepen- 
dent loss  of  teeth  on  the  jaws  and  ,<;;ill 
arches  (Forey,  1975),  a  reduction  and  loss 
of  ]:)ranchiostegal  rays,  and  the  develop- 
ment of  a  long  and  very  complex  diges- 
tive tract  with  a  "gizzard-like"  structure 
(Nelson  and  Rothman,  1973).  In  addition. 
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Figure  26.  Interrelationships  of  the  major  groups  of  the  Clupeomorpha.  Three  fossil  taxa  are  included.  Major  special- 
izations characterizing  the  various  lineages  are:  1,  autogenous  hypural  number  one;  2,  hypural  two  fused  with  ural 
centrum  one  (these  two  characters  are  also  found  in  several  primitive  euteleosteans  and  not  in  Erichalcis  (Forey,  1975); 
3,  fusion  of  the  median  and  lateral  extrascapulars  with  the  supraoccipital  and  parietal  bones  (indicated  in  part  by  the 
presence  of  a  sensory  canal  in  the  supraoccipital,  Patterson,  1970);  4,  abdominal  scutes  present;  5,  presence  of  a 
recessus  lateralis;  6,  temporal  foramen  present;  7,  post-temporal  groove  present;  8,  prootic  and  pterotic  bullae  present 
and  enclosing  an  intracranial  swimbladder  diverticulum  (this  character  is  not  known  in  fossil  forms  although  Forey 
(1975)  has  suggested  that  the  prootic  bulla  evolved  before  the  pterotic  bulla  and  may  be  a  unique  feature  of  all  clupeo- 
morphs);  9,  denticles  on  skull  bones  and  some  trunk  scales  (see  Greenwood  (1968)  for  additional  characters);  10,  third 
pharyngobranchial  bones  with  long  medial  processes;  11,  two  divisions  of  the  levator  arcus  palatini  muscle  (Forey, 
1975).  The  interrelationships  of  the  clupeoids  are  a  matter  of  dispute  and  additional  families  such  as  the  Pristigasteridae 
and  Congothrissidae  may  be  recognized.  (Drawings  of  the  fishes  adapted  from  J  S.  Nelson  |1976|,  courtesy  of  John 
Wiley  Publishing  Co.) 
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the  clupeoids  have  evolved  an  upward 
extension  of  the  space  l^ehind  the  fourth 
gill  arch  bordered  anteriorK  and  poste- 
riorly by  the  interdigitating  edges  of  spe- 
cialized gill  rakers.  The  entire  organ  is 
called  an  epibranchial  organ  (Nelson, 
1967a).  As  the  gill  arch  elements  bearing 
these  rakers  move  toward  one  another, 
any  small  food  in  the  epibranchial  organs 
will  be  compacted  into  manageable 
masses  or  ground  up.  These  morpholog- 
ical specializations  are  correlated  with  the 
development  of  mechanisms  for  the  mi- 
crophagous  habits  so  characteristic  of  the 
vast  majority  of  clupeoids. 

The  Euteleostei 

The  Euteleostei  is  an  extremely  large 
clade  containing  a  greatly  varying  array 
of  over  25  orders,  375  families,  and  17,000 
species.  The  current  definition  of  the  Eu- 
teleostei, although  it  has  not  been  seri- 
ously challenged,  is  "far  from  satisfacto- 
ry" (Patterson  and  Rosen,  1977).  Three 
main  characters  corroborate  euteleostean 
monophyly,  although  these  are  generally 
shared  by  primitive  euteleosteans  and 
have  been  lost  in  the  more  derived  forms 
(Patterson  and  Rosen,  1977:  130):  1)  the 
presence  of  an  adipose  fin  posterior  to  the 
dorsal  fin,  2)  nuptial  breeding  tubercles 
on  the  head  and  body  (Collette,  1977;  Wi- 
ley and  Collette,  1970),  and  3)  an  anterior 
membraneous  component  to  the  first  uro- 
neural  (Figs.  14,  28).  Further  evidence 
corroborating  monophyly  of  this  group  is 
highly  desirable. 

Primitive  Euteleostean  Fishes 

In  1966,  Greenwood  ct  al.  combined 
into  a  group,  the  superorder  Protacan- 
thopterygii,  a  wide  variety  of  fishes  which 
they  considered  to  be  basal  "IDivision  111" 
forms  (Greenwood  ct  al.,  1966:  Fig.  1,  p. 
366).  Tlie  Protacanthopterygii  included 
the  salmoniform,  stomiatiform,  alepo- 
cephaloid,  myctophid,  neoscopelid,  and, 
questionably,  the  ostariophysan  fishes. 
Rosen  (1973)  conducted  a  critical  analy- 


sis of  the  relationships  of  this  assemblage 
and  removed  the  stomiatiform,  neosco- 
pelid, myctophid,  ostariophysan  and  ale- 
pocephalid  fishes  to  their  current  loca- 
tion on  the  euteleostean  cladogram  (Fig. 
14).  These  groups  will  be  discussed  be- 
low. Rosen  (1974)  then  considered  the 
only  remaining  subgroup,  the  Salmoni- 
formes,  to  be  monophyletic  and  coexten- 
sive with  the  Protacanthopter\gii.  The 
evidence  for  monophyly  included  1)  en- 
larged toothplates  associated  with  but  not 
fused  to  the  fourth  pharyngobranchial  and 
2)  fusion  of  the  third  gill  arch  toothplate 
to  the  third  pharyngobranchial  (Fig.  27). 
As  we  have  noted  above,  however  (Fig. 
14:  sp.  129),  fusion  of  toothplates  to  the 
endochondral  gill  arch  elements  is  a  clu- 
peocephalan  featine,  and  does  not  sup- 
port monophyly  of  clades  within  the  Eu- 
teleostei. 

Fink  and  Weitzman  (1982)  have  dealt 
the  final  blow  to  the  concept  of  a  natural 
Protacanthopterygii,  and  have  shown  that 
the  esocoids  do  not  belong  in  this  assem- 
blage, that  present  data  are  not  sufficient 
to  resolve  a  dichotomy  between  the  Os- 
tariophysi,  Euteleostei,  and  argentinoids 
plus  osmeroids.  The  Salmonidae  is  pro- 
visionally considered  to  be  the  sister 
group  of  the  Neoteleostei.  Their  hypoth- 
esis of  the  relationship  of  these  groups  is 
depicted  in  Figure  28.  Because  of  the 
well-corroborated  monophyletic  natiue  of 
the  Ostariophysi,  we  will  discuss  this 
group  in  detail  below.  Here,  under  the 
admittedly  inadequate  heading  "primi- 
tive euteleostean  fishes,"  we  consider  the 
esocoids,  salmonids,  osmeroids  {sensu 
Fink  and  Weitzman,  1982),  and  argenti- 
noids. The  ph>'l()genetic  relationships  of 
these  groups  as  depicted  in  Figure  28 
should  be  regarded  as  highly  tentative. 
Due  to  the  importance  of  the  taxa  dis- 
cussed here  l)()th  for  evolutionary  re- 
search and  for  fisheries  management  and 
I)i()logy,  the  systematic  relationships  of 
these  fishes  deserve  considerable  atten- 
tion. Because  of  the  virtual  obliteration 
of  the  original  Protacanthopterygii,  we  do 
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not  acKocate  use  of  this  term,  at  least  un- 
til lower  euteleostean  systematie  re- 
seareh  provides  a  well-doeumented 
nionoplnletic  group  to  which  the  term  can 
be  applied. 

Esocae.  This  clade,  containing  the  pikes 
and  pickerels  (Esocidae)  as  well  as  the 
mudminnows  (Umbridae),  may  be  the 
most  primitive  euteleostean  clade.  Esoc- 
ids  retain  the  primitive  dentigerous 
toothplates  on  the  fourth  basibranchial, 
lacking  in  more  derived  euteleosteans, 
and  this  may  be  evidence  of  their  primi- 
tive position  relative  to  other  euteleos- 
teans (Fink  and  Weitzman,  1982).  The 
teeth  on  the  tongue  of  esocids  are  small 
and  uniform  (Fig.  29),  as  are  the  teeth  on 
the  basibranchial  elements  behind  the 
tongue.  The  adipose  fin  is  absent,  but  this 
ma>-  be  related  to  the  posterior  position 
of  the  dorsal  fin.  The  maxillae  of  esocids 
are  toothless,  although  they  do  form  part 
of  the  gape,  swinging  anteriorly  during 
prey  capture  as  in  Amia  and  Salmo  (Lau- 
der, 1979;  Rand  and  Lauder,  1981).  The 
body  form  of  esocids,  with  most  of  the 
lateral  fin  area  located  far  posterior  to  the 
center  of  mass,  reflects  the  rapid  accel- 
erations used  during  prey  capture  and  the 
generallv  poor  cruising  performance  of 
these  fishes  (Webb  and  Skadsen,  1980). 
The  pikes,  pickerels,  and  mudminnows 
are  restricted  to  the  freshwaters  of  the 
northern  hemisphere,  although  Lepido- 
galaxias,  considered  by  Rosen  (1974)  to 
be  an  esocid,  (Fink  and  Weitzman  [1982] 
have  questioned  this)  is  a  small  fish  from 
Western  Australia. 

Salmonidae.  This  group  includes  the 
trout,  salmon  (Sahno  and  OncorJu/n- 
clius),  charr  {Salveliniis),  whitefish  {Cor- 
egoniis),  and  the  grayling  (TJiyDiaUus). 
These  forms  were  originally  confined  to 
the  northern  hemisphere  before  ship- 
ment of  salmonids  to  stock  southern 
streams  occurred.  The  small  family  Gal- 
axiidae  is  often  included  with  the  Sal- 
monidae in  the  order  Salmonoidei,  but 
we  follow  Fink  and  Weitzman  (1982)  in 
grouping   galaxiids    with    Osmeroidei. 


Figure  27.  Dorsal  gill  arch  skeleton,  right  side  ventral  view, 
of  the  "protacanthopterygian"  Novumbra.  Fusion  of  the 
toothplate  (UP3)  to  the  third  pharyngobranchial  (PB3)  is 
indicated.  Other  tooth  plates  (UP^)  are  not  fused  to  the  gill 
arch  elements.  The  fourth  upper  toothplate  (UPJ  is  the 
dominant  element.  (Modified  from  Rosen,  1974.) 

Other  abbreviations:  £,.4,  epibranchials;  UNO,  uncinate 
process. 


There  is  relatively  little  evidence  corrob- 
orating the  monophyly  of  this  group,  al- 
though Rosen  (1974)  suggests  that  the  tip 
of  the  posterior  neural  arch  of  the  last 
caudal  vertebra  is  joined  to  the  first  uro- 
neural,  and  can  be  used  to  define  osme- 
roids.  Fink  and  Weitzman  discuss  two 
characters  which  link  the  salmonids  to  the 
Neoteleostei  and  are  suggestive  of  a  sis- 
ter group  relationship  (Fig.  28).  1)  In  sal- 
monids and  neoteleosts,  both  the  exoc- 
cipital  and  basioccipital  articulate  with 
the  anterior  vertebrae.  In  more  primitive 
groups,  only  the  basioccipital  is  involved 
in  the  articulation.  2)  Paired  cartilage 
nodules  lying  anterior  to  the  ethmoid  and 
attached  to  the  premaxillae  are  suggested 
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Figure  28.  Interrelationships  of  primitive  euteleosteans  following  the  tentative  hypothesis  suggested  by  Fink  and  Weitz- 
man  (1982).  Specializations  characterizing  the  Clupeocephala,  Euteleostei,  and  Neoteleostei  are  summarized  in  Figure 
14.  The  characters  are:  1,  loss  of  the  dentigerous  toothplate  on  basibranchial  four;  2,  cartilage  nodules  {homologous 
to  the  rostral  cartilage  of  euteleosts)  between  the  ethmoid  and  premaxillae;  3,  both  the  basioccipital  and  exoccipital 
articulate  with  the  first  vertebra;  4,  fusion  of  the  posterior  neural  arches  in  the  caudal  fin  with  either  the  uroneural  or 
ural  vertebra  one,  5,  specialized  "tongue-bite"  mechanism  between  basihyal  and  mesopterygoid  teeth  (Fink  and 
Weitzman,  1982);  6,  loss  of  basisphenoid  (this  bone  is  also  absent  in  ostariophysans;  Fink  and  Weitzman,  1982);  7, 
basibranchials  toothless;  8,  "crumenal  organ  present  and  the  posterior  aspect  of  the  fifth  ceratobranchial  associated 
with  a  complex  accessory  cartilage  (see  Greenwood  and  Rosen,  1971).  (Drawings  of  fishes  from  J  S.  Nelson  11976), 
courtesy  of  John  Wiley  Publishing  Co.) 
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Figure  29.  Dorsal  view  of  dermal  basihyal  and  basibranchial  elements.  A.  Esocoids  (Esox)  with  uniform  and  small  teeth. 
B.  Salmonoids  (Salvelinus)  showing  the  terminal  pair  and  pattern  of  fangs.  C.  Osmerids  (Retropinna)  with  the  alternating 
pattern  and  terminal  fang.  (Slightly  modified  from  Rosen,  1974.) 


to  be  homologous  with  the  ethmoid  car-  the   Osmeroidei   is   threefold   (Fink  and 

tilage  of  the  Neoteleostei.  Weitzman,  1982).  First,  both  galaxiids  and 

Argentinoids  and  Osmeroids.  The  evi-  osmeroids  lack  an  orbitosphenoid  bone, 

dence  for  including  the  galaxiids  within  although  the  lack  of  this  bone  in  many 
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other  primitive  euteleosteans  severely  presumably  an  anti-predation  behavior, 
limits  the  utility  of"  this  character.  Sec-  The  fright  reaction  does  not  appear  to  be 
ondly,  both  taxa  lack  a  basisphenoid  bone,  specific  to  taxa  within  the  Ostariophysi, 
Finally,  osmeroids  and  galaxiids  have  and  alarm  substance  extracted  from  the 
large  fanglike  teeth  on  the  basihyal  and  skin  of  one  group  will  cause  a  fright  re- 
basibranchial  bones  (Fig.  29C)  which  bite  action  in  members  of  other  taxa.  The  oc- 
(shear)  against  palatal  arch  teeth  in  a  sim-  currence  of  fright  cells  and  fright  reaction 
ilar  manner  to  that  described  above  for  is  a  shared  feature  of  all  ostariophxsan 
osteoglossomorph  fishes.  iMost  other  fishes  and  has  not  yet  been  confirmed  in 
primitive  euteleosteans  lack  teeth  on  the  any  other  actinopterygian.  Another  key 
palatoquadrate.  Fink  and  Weitzman  character  (in  addition  to  the  occurrence 
(1982)  propose  a  sister  group  relationship  of  histologically  distinctive  breeding  tu- 
between  argentinoids  and  osmeroids  (Fig.  bercles  on  the  body  and  shared  features 
28)  on  the  basis  of  enlarged  marginal  ba-  of  caudal  anatomy.  Fig.  30)  is  a  special- 
sihyal  teeth  (Fig.  29C),  and  the  occur-  ization  of  the  anterior  cenical  vertebrae 
rence  of  "platelike"  bone  on  some  neural  and  ribs.  In  the  gonorynchiform  fishes, 
and  haemal  spines.  It  should  be  clear  from  the  first  pleural  rib,  which  articulates  with 
this  discussion  that  the  relationships  of  the  third  vertebra,  is  expanded  and  sup- 
these  "lower"  euteleostean  fishes  are  in  ports  a  thickened  peritoneum  that  par- 
need  of  a  comprehensive  analysis.  tially  invests  the  anterior  chamber  of  the 

swimbladder.  This  condition  represents 

_,_.,.  a  similar  configuration  of  the  swimblad- 

The  Ostariophysi  ^^^.  ^^^^^^  ^j^^^^i  ^.^^  ^^  ^j^^^  ^l^.^l^  -^  p^.^. 

The   ostariophysan   clade   comprises  posed  to  have  occurred  in  the  evolution 

nearly   three-quarters   of  the   freshwater  of  the  Weberian  apparatus  characteristic 

fishes  of  the  world  and  is  thus  by  far  the  of  the  remaining  ostariophvsan  fishes  (Fig. 

dominant  component  of  this  fauna.  The  30:  character  5;  Rosen  and  Greenwood, 

6,000  species  included  in  the  Ostariophy-  1970).  Other  characters   in  the  anterior 

si  run  the  gamut  from  the  small  South  vertebrae  which  characterize  all  ostario- 

American  tetras  to  the  poisonous  marine  physans  are  1)  expanded  anterior  neural 

catfishes   and  the   weakly  electric  gym-  arches  which  form  a  roof  over  the  neural 

notid  "eels."  canal  posterior  to  the  foramen  magnum, 

The  four  major  monophyletic  groups  and  2)  loss  of  the  free  anterior  neural  arch 
within  the  Ostariophysi,  the  Gonorynchi-  (Fink  and  Fink,  1981). 
formes  (milkfishes),  Characiformes,  Cy-  The  Weberian  apparatus,  named  after 
priniformes  (carps  and  minnows),  and  Si-  its  discoverer,  characterizes  the  non-gon- 
luriformes  (catfishes  and  gymnotids)  are  orynchiform  ostariophysans,  the  Otophy- 
united  by  many  shared  characters  (Fig.  si  (Figs.  30,  31).  This  complex  structure 
30).  A  particularly  interesting  one  is  the  consists  of  five  paired  bony  elements  (ho- 
presence  of  epidermal  "alarm  substance  mologous  to  neural  arches,  pleiual  ribs, 
cells,"  a  type  of  club  cell  (Fig.  30:  char-  and  their  parapophxses;  Rosen  and 
acter  3)  which  exudes  an  alarm  substance  Greenwood,  1970)  that  form  a  link  be- 
(Pfeiffer,  1974,  1977;  first  discovered  by  tween  the  anterior  chamber  of  the  swim- 
Karl  von  Frisch,  in  1938)  when  the  cells  l^ladder  and  the  ear.  The  five  bony  ele- 
are  damaged.  A  wounded  fish  releases  ments,  the  os  suspensorium,  the  tripus, 
alarm  substance  into  the  surrounding  the  intercalarium,  the  scaphium,  and  the 
water,  and  adjacent  fish  sense  the  sub-  claustrum  (Fig.  31),  are  linked  to  each 
stance  and  radically  alter  their  behavior  other  by  strong  ligaments;  the  wall  of  the 
pattern,  often  scattering  immediately  in  swimbladder,  divided  into  two  separate 
all  directions  and  diving  for  the  bottom —  membranes,  the  tunica  interna  and  the 
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Figure  30.  Phylogeny  of  the  ostariophysan  fishes  (after  Finl<  and  Fink,  1981).  Only  a  few  of  the  many  characters  used 
by  Fink  and  Fink  (1981)  to  support  this  cladogram  are  presented  here.  The  characters  are;  1,  loss  of  dermopalatine;  2, 
the  swinnbladder  is  divided  into  a  smaller  anterior  and  a  larger  posterior  chamber  and  the  pneumatic  duct  enters  the 
bladder  near  the  apposition  of  the  two  swimbladder  chambers;  3,  the  presence  of  fright  cells  and  a  fright  substance 
(see  text);  4,  swimbladder  (anterior  chamber)  attached  to  the  two  anterior  pleural  ribs;  5,  modification  of  the  anterior 
cervical  vertebrae  including  loss  of  the  anteriormost  supraneural  and  an  enlarged  and  mobile  first  pleural  rib  (see  Fink 
and  Fink,  1981);  6,  all  anterior  haemal  spines  are  fused  to  the  centra;  7,  great  reduction  in  size  of  the  parietal  and 
interorbital  septum;  8,  the  presence  of  an  epibranchial  organ;  9,  absence  of  teeth  on  ceratobranchial  five;  10,  extensive 
joint  between  the  exoccipital  and  neural  arch  one;  11,  second  supraneural  is  absent;  12,  distinctive  specialization  of 
several  anterior  supraneurals  which  form  a  joint  with  the  third  and  fourth  vertebrae;  13,  presence  of  a  Weberian  appa- 
ratus; 14,  caudal  skeleton  with  a  uniquely  compound  terminal  centrum  consisting  of  the  last  two  ural  centra,  the  first 
preural  centrum,  and  the  two  anterior  uroneurals;  15,  hypural  two  fused  to  the  compound  centrum;  16,  vomer  articulates 
with  the  mesethmoid  anterodorsally;  17,  maxilla  positioned  posterolateral  to  the  mesethmoid  and  not  articulating  with 
it;  18,  the  scaphium  extends  far  anterior  to  the  first  vertebral  centrum;  19,  Baudelot's  ligament  attaching  to  the  posterior 
part  of  the  skull;  20,  intercalar  lacking;  21,  scleral  bones  absent;  22,  supraorbital  bone  absent;  23,  only  one  pharyngo- 
branchial  toothplate  present;  24,  absence  of  articular  process  of  the  intercalarium;  25,  distally  bifurcate  Baudelot's 
ligament;  26,  posterior  pectoral  fin  rays  offset  from  the  anteriormost  ray;  27,  medial  ossification  of  the  dorsal  and  anal 
fin  radials  is  absent.  (Drawings  of  fishes  from  J.  S.  Nelson  [1976],  courtesy  of  John  Wiley  Publishing  Co.) 
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Figure  31.     Lateral  view  of  the  Weberian  apparatus  in  characiphysans.  Anterior  is  to  the  left.  (From  Fink  and  Fink  [1981] 
reprinted  by  permission  of  the  Council  of  the  Linnean  Society  of  London.) 


tunica  externa,  attaches  to  the  os  suspen- 
sorium and  the  tripus.  Differential  move- 
ment of  these  two  membranes  when 
sound  waves  impinge  on  the  swiml)lad- 
der  causes  oscillations  in  the  chain  of 
Weberian  ossicles  that  are  transmitted  to 
the  ear  (Alexander,  1966a,  1975). 

The  ear  and  otic  region  of  the  skull  are 
also  highly  modified  in  ostariophysan 
fishes  in  connection  with  the  Weberian 
apparatus.  The  saccidar  and  lagenar  oto- 
liths are  located  far  posteriorly  in  the  cra- 
nimn,  and  a  connection  has  developed 
between  the  two  paired  sacculi  with  a 
median  posterior  extension,  the  sinus  im- 
par.  It  is  onto  the  wall  oi  the  endolymph- 
filled  sinus  impar  that  ligaments  from  the 


scaphimn  attach,  and  this  connection  al- 
lows the  transmission  of  sound  into  the 
inner  ear.  There  is  increasing  evidence 
that  this  complex  otophysic  connection 
actually  does  result  in  a  substantially  im- 
proved hearing  ability,  especially  at  the 
higher  frequencies  (Popper  and  Coombs, 
1982;  Popper  and  Fay,  1973;  Tavolga, 
1976). 

Until  very  recently,  most  hypotheses  of 
the  relationship  of  the  major  ostariophy- 
san subgroups  were  based  on  concepts  of 
ancestry  and  descent:  many  groups  had 
specializations  that  prohibited  them  from 
being  ancestral  to  other  taxa.  The  publi- 
cation of  a  major  new  synthetic  analysis 
of  ostariophysan  relationships  (Fink  and 
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Fink,  1981)  has  focused  on  character  dis-  and  sihiroids  (catfishes),  comprise  the 
trihutions  and  has  resulted  in  a  detailed  bulk  of  the  world's  freshwater  fauna.  It  is 
and  hiuhK  corroborated  h\  pothesis  of  re-  somewhat  surprising  j^iven  the  impor- 
lationship.  This  hypothesis  is  presented  tance  of  these  groups  and  over  a  century 
in  Figure  30  with  a  portion  of  the  exten-  of  research  that  their  interrelationships 
sive  evidence  supporting  it.  The  Ostar-  are  not  better  known.  One  reason  for  the 
iophysi  is  separated  into  two  lineages,  the  past  difficulty  in  deciphering  the  inter- 
Anotophysi  containing  the  order  Gono-  relations  of  many  ostariophysan  fishes  is 
rvnchiformes  and  the  Otophysi.  The  Oto-  the  tremendous  morphological  and  eco- 
physi  in  turn  is  divided  into  two  mono-  logical  diversity  of  each  subgroup.  The 
phyletic  taxa,  the  Characiphysi  with  the  characiforms,  for  example,  with  over  1,000 
orders  Siluriformes  and  Characiformes  living  species  (and  maybe  a  quarter  that 
(tetras,  pacus,  piranhas),  and  the  Cyprini-  number  still  undiscovered)  have  radiated 
physi  (minnows,  suckers,  hill-stream  fish-  extensively  in  South  America  and  to  a 
es,  carps,  and  loaches).The  Silurifomies  lesser  extent  in  Africa  and  Central  Amer- 
are  in  turn  divided  into  two  suborders,  ica.  In  the  Amazon  River  basin,  one  of  the 
the  Siluroidei  (catfishes)  and  the  Gym-  most  ichthyologically  diverse  areas  in  the 
notoidei  (electric  gymnotid  fishes).  This  world,  over  43  percent  of  the  fishes  are 
scheme  of  relationships  differs  signifi-  characiforms  (Roberts,  1972).  The  Ostar- 
cantly  from  past  attempts  to  decipher  os-  iophysi  as  a  whole  compose  85  percent 
tariophysan  phylogeny,  especially  in  of  the  Amazon  fish  fauna  and  54  percent 
placing  catfishes  and  gymnotids  as  sister  of  the  Gongo  fishes  (Roberts,  1972).  Re- 
groups (Fig.  30).  ductive  evolution  and  neoteny  have  also 

Gonorynchiform  Fishes.  The  Order  been  common  in  characiform  fishes 
Gonorynchiformes  contains  four  families,  (Weitzman,  1962)  and  have  compounded 
three  with  only  one  species  and  one  with  the  difficulties  of  working  with  such  a  vast 
about  twelve.  Milkfish  (Ghanidae)  are  species  assemblage.  Gharaciforms  have 
mostly  marine  and  brackish  water  fishes  been  divided  (somewhat  arbitrarily)  into 
found  in  southeast  Asia  where  they  are  sixteen  families  (Greenwood  et  al.,  1966) 
extremely  important  as  a  food  fish,  often  of  which  four  are  African.  The  faiuily 
reaching  well  over  a  meter  in  length.  Two  Hepsetidae  contains  only  Hepsetus  odoe, 
other  families  of  gonorynchiforms,  the  an  elongate  piscivorous  and  insectivo- 
Kneriidae  and  Phractolaemidae,  have  rous  pikelike  fish,  which  is  widely  dis- 
protrusible  upper  jaws  and  are  found  in  tributed  in  Africa  and  represents  a  rela- 
the  freshwaters  of  tropical  Africa.  The  tively  generalized  morphology.  The 
Family  Gonorynchidae  contains  only  one  families  Githarinidae  and  Distichodonti- 
species  and  together  with  the  Kneriidae  dae  (Vari,  1979)  contain  deep-bodied  Al- 
and Phractolaemidae  forms  the  Suborder  rican  fishes  while  the  Ichthyboridae,  also 
Gonorynchoidei.  Gononjnchus  is  found  African  in  distribution,  contains  about 
in  Indo-Pacific  marine  habitats  and  has  a  nine  genera  of  elongate  fishes,  many  of 
very  elongate  body  shape,  and  a  protru-  which  are  reported  to  eat  the  fins  and 
sible  jaw.  It  apparently  feeds  on  small  scales  of  other  fishes.  The  remaining  Af- 
bottom-dwelling  invertebrates,  and  its  rican  taxa  are  usually  grouped  in  the  fam- 
biology  is  poorly  known.  The  gonoryn-  ily  Gharacidae,  the  best  known  African 
chiforms  are  a  well-corroborated  mono-  forms  being  Alestes,  an  omnivorous 
ph\letic  group  (Fig.  30),  and  Fink  and  widely  distributed  genus,  and  Hydrocy- 
Fink  (1981)  have  suggested  that  Chcuios  nus,  a  predator  reaching  over  a  meter  in 
is  the  primitive  sister  group  of  all  other  length.  The  remaining  members  of  the 
gonorynchiforms.  Gharacidae   are   found   in   Gentral   and 

Cliaracifortnes.   The  characiforms,  to-  South  America  and  are  enormously  di- 

gether  with  the  cypriniforms  (minnows)  verse,   the   famih    being  divided   into  a 
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number  oi   siil)tamilies.   The   American  Cvpriniiorms    lack    (except    in    a    few 

Characidae   includes   die  piranhas   {Ser-  species)  die  primitive  euteleostean  adi- 

rasalmus),   the   glandulocaudine    fishes  pose  fin  (Fig.  14:  character  11;  see  Fig. 

which  have  specialized  "caudal  glands"  30  for  the  presence  of  the  small  adipose 

on   the  caudal   fin,  the   tetragonopterine  fin,  located  posterior  to  the  dorsal  fin,  in 

characids,  best  known  for  the  small  col-  most  characifonii  groups)  and  lack  teeth 

orful  tetras  but  also  including  the  gener-  on  their  oral  jaws  which  are  protrusible. 

alized  Astijanax,  and  the  bryconine  fish-  The  protrusible  cypriniform  jaw  evolved 

es  (Brycon)  and  Chalceus.  Other  South  independently  from  the  acanthopterygi- 

American  characiform  families  range  from  an  protrusible  jaw  discussed  below.  The 

the  family  Erythrinidae  (Roberts,  1969),  cypriniform  radiation  is  one  of  the  few 

with  three  genera  of  predaceous  fishes,  among  the   actinopterygian   fishes   that 

to  the  specialized  Cynodontidae  (Hoves,  contains  a  large  proportion  of  herbivores 

1976)  and  Gasteropelecidae — the  fresh-  and  very  few  piscivorous  taxa  are  known 

water  hatchetfishes  which  are  capable  of  (Howes,   1978).   Correlated  with  extrac- 

making  short  (10  m)  flights  just  above  the  tion  of  nutrients  from  thick-walled  algal 

surface  of  the  water  with  their  greatly  en-  cells,   the   two   families   containing  the 

larged  pectoral  fins.  The  family  Ctenol-  largest  proportion  of  herbivores,  the  Cy- 

uciidae,  the  pike-characins,  are  elongate  prinidae  and  Catostomidae,  possess  strong 

piscivorous    fishes,   while   the   Prochilo-  grinding  and  crushing  pharyngeal  jaws, 

dontidae,  Curimatidae,  and  anostomidae  Primitively,  teleostean   pharyngeal  jaws 

are  deeper  bodied  and  eat  mud,  detritus,  are  of  relatively  limited  mobility,  being 

and  insects.  used  primarily  to  aid  the  manipulation  ol 

Many  characiforms  show  complex  pat-  prey  in  the  buccopharyngeal  cavity  prior 

terns  of  tooth  morphology  and  replace-  to  deglutition.  In  cyprinids  and  catosto- 

nient  (Roberts,  1967),  and  their  extensive  niids,  however,  the  lower  pharyngeal  jaws 

radiation  has  resulted  in  a  wide  range  of  are  hypertrophied  and  form  massive  bony 

trophic  specializations  ranging  from  mud  elements  which  can  be  apposed  to  a  lior- 

and  detritus   feeders  to  the  specialized  ny  pad  located  on  the  basioccipital  bone 

scale  eating  forms  (Roberts,  1970).  The  (Eastman,  1971,  1977).  Thus,  the  pharyn- 

trophic  interactions  between  fishes  in  the  geal  jaws  in  these  cypriniforms  "chew" 

world's   tropical   freshwaters  have  been  against   the   base   of  the   skull    and   are 

recenth    reviewed   in   Lowe-McConnell  capable  of  strong  grinding  motions  (Sib- 

(1975);' also  see   Fink  and  Fink,   1979).  bing,  1982).  The  diversity  in  tooth  stiaic- 

Evidence  for  characiform  monophyly  is  ture  on  the  lower  pharyngeal  jaws  corre- 

summarized  in  Figure  30.  Kites  with  the  diversity  in  feeding  habits. 

Cijprinifonu  Fishes.  The  primitive  sis-  The  speciose  family  Cyprinidae  is 
ter  group  of  the  characiphysi  is  the  Cy-  widely  distributed  in  the  freshwaters  of 
priniformes  (Fig.  30)  which  is  a  clearly  North  Aiuerica,  Africa,  Europe,  and  Asia; 
monophyletic  group  based  on  characters  it  is  completely  absent  from  South  Amer- 
such  as  the  kinethmoid  bone  and  the  ica.  All  Cyprinidae  lack  a  true  stomach 
unique  upper  jaw  mechanism  (Alex-  and  have  an  elongate  intestine,  a  condi- 
ander,  1966b),  the  dorsomedial  palatal  tion  that  would  seem  to  correlate  with  a 
process,  and  the  structure  of  die  premax-  diet  containing  a  high  proportion  of  in- 
illa  and  pharyngeal  jaw  complex  (see  Fink  digestible  material  (Kapoor  ct  al.,  1975). 
and  Fink,  1981).  Cypriniforms  are  usu-  The  North  American  c>  prinid  fauna  con- 
ally  divided  into  six  families,  one  of  tains  only  about  200  species,  nuich  great- 
which,  the  Cyprinidae,  contains  the  vast  er  cyprinid  dixersity  occurring  in  Africa 
majority  (80%)  of  all  cypriniform  fishes,  and    Eurasia   and   including   the   well- 
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known  carp  (C i/prinii.s)  and  t:;olclfisli 
{Carassius  auratus).  Tlie  family  Cato- 
stoniidae,  suckers,  has  a  highh  disjiuict 
distribution  and  occurs  in  Nortli  Ameri- 
ca and  China.  Suckers  lia\  e  huge  flesli\- 
lips  and  are  remarkable  for  the  large 
number  of  hybrid  populations  which  oc- 
cur between  species  of  the  family.  The 
remaining  families  of  cypriniforms  are 
small  elongate  forms  with  a  subterminal 
mouth  and  inhabit  the  freshwaters  of 
Eurasia  and  Africa.  The  Gyrinocheilidae 
(suckerbelly  loaches),  Psilorhychidae,  and 
Homalopteridae  (hillstream  loaches)  all 
inhabit  freshwater  streams  and  use  suc- 
torial mouths  or  modified  pelvic  fins  as 
an  aid  in  adhering  to  the  substrate  in  fast- 
moving  waters.  The  family  Cobitidae 
(loaches)  are  elongate  bottom  dwellers 
occurring  with  greatest  diversity  in 
Southeast  Asia  but  also  with  a  very  re- 
stricted African  distribution. 

Siluroid  Fishes.  The  catfishes  form  a 
diverse  group  (about  2,000  species  in  31 
families)  of  highly  modified  fishes  which 
have  a  distinctive  morphology  (Fig.  30). 
Characteristics  of  this  group  include  large 
spiny  first  rays  of  the  pectoral  and  dorsal 
fins  which  may  be  locked  in  the  erect  po- 
sition, the  absence  of  true  scales — the 
body  is  naked  or  has  thick  bony  plates, 
and  from  one  to  four  pairs  of  barbels 
which  presumably  serve  tactile  and  gus- 
tatory functions.  Other  specializations  are 
the  loss  of  a  number  of  skull  bones,  char- 
acteristic modifications  of  the  Weberian 
apparatus  (Alexander,  1964),  and  a  dis- 
tinctive pectoral  girdle  modified  to  sup- 
port and  form  the  locking  mechanism  for 
the  pectoral  fin  spines  (Fig.  30;  Fink  and 
Fink,  1981).  In  many  groups,  a  unique 
mechanism  for  moving  the  maxillary  bar- 
bels occurs.  This  involves  modifications 
of  the  palatoquadrate  and  jaw  adductor 
musculature  (Gosline,  1976)  as  well  as  the 
reduction  of  the  maxillary  bone  to  a 
toothless  nubbin  supporting  the  barbel. 

The  most  primitive  family  of  catfishes, 
the  relic  Diplomystidae  of  South  Ameri- 


ca, are  the  only  catfish  family  to  retain  a 
toothed  maxillary  bone.  With  the  excep- 
tion of  this  one  family,  however,  the  phy- 
logenetic  position  of  the  other  catfish 
families  is  imcertain  and  further  work  is 
badly  needed  on  the  interrelationships  of 
the  catfishes.  Three  families  are  partially 
or  completely  marine  in  habit:  the  Ari- 
idae  and  Plotosidae  are  mainly  salt  water 
groups  with  the  latter  capable  of  inflict- 
ing painful  wounds  with  their  venomous 
dorsal  spine,  while  the  Aspredinidae  oc- 
cupy mostly  freshwaters  in  tropical  South 
America,  but  some  species  are  brackish 
or  marine  in  occurrence. 

Of  the  31  currently  recognized  catfish 
families,  13  are  endemic  to  South  Amer- 
ica (Roberts,  1972).  The  most  speciose 
families  are  the  Pimelodidae  (with  about 
285  species),  the  armored  Callichthyidae 
and  Loricariidae,  together  with  about  550 
species,  and  the  parasitic  Trichomycter- 
idae,  some  of  which  live  on  blood  ob- 
tained through  the  gills  and  skin  of  other 
fishes.  Some  species  of  the  genus  Van- 
dellia  may  enter  the  human  urethra  caus- 
ing considerable  pain.  Among  the  African 
families,  one  of  the  more  unusual  is  the 
family  Malapteruridae,  the  electric  cat- 
fishes. These  thick-bodied  fishes  are  ca- 
pable of  delivering  a  strong  electric  shock. 
Other  families  include  the  air  breathing 
Clariidae,  of  which  one  Asian  species,  the 
"walking  catfish,"  has  been  introduced  to 
American  waters;  the  Mochokidae,  sev- 
eral species  of  which  normally  swim  with 
the  ventral  side  uppermost;  and  the  Am- 
blycipitidae  and  Amphiliidae  that  inhabit 
fast-moving  streams.  The  native  Euro- 
pean catfish  family  is  the  Siluridae,  al- 
though the  introduced  ictalurids  are  now 
more  common;  one  silurid  species  re- 
portedly can  attain  a  length  of  over  three 
meters  (J.  Nelson,  1976).  In  North  Amer- 
ica, the  Ictaluridae  (bullheads)  are  the 
only  group  of  catfishes  and  are  widely 
distributed  throughout  the  continent. 

The  feeding  habits  of  catfishes  encom- 
pass the  range  from  pure  herbivory  to  car- 
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Figure  32.  A.  Simplified  diagram  depicting  the  retractor  dorsalis  (or  retractor  arcuum  branchialium,  RAB)  muscle  in 
euteleosts.  Solid  lines  show  position  and  condition  of  muscles  during  retraction  of  the  pharyngeal  jaws.  Bony  elements 
in  dotted  lines  represent  positions  during  protraction.  B.  Front  view  of  upper  and  lower  pharyngeal  jaws  during  retraction 
(solid  lines)  and  protraction  (dotted  line).  (After  Liem,  1977  in  A.  Kluge  (ed.),  "Chordate  Structure  and  Function,  "  courtesy 
of  Macmillan  Publishing  Co.) 


nivorous  forms,  and  locomotor  habit  may 
vary  from  the  bottom-dweUing  loricariids 
with  suctorial  mouths  to  the  fast-moving 
streamlined  cetopsid  catfishes  of  South 
America. 

Gymnotoidei.  The  gymnotoid  fishes,  a 
group  of  special  interest  to  neurobiolo- 
gists  and  students  of  animal  behavior  be- 
cause of  their  electrogenic  ability,  share 
a  common  ancestor  with  the  catfishes  (Fig. 
30).  Characters  shared  by  these  two  taxa 
include  the  structure  of  the  mesethmoid, 
absence  of  scleral  bones,  a  greatly  re- 
duced ectopterygoid,  a  single  pharyngo- 
branchial  toothplate,  and  electrorecep- 
tive  capabilit>'  (Fink  and  Fink,  1981).  The 
gymnotoids,  grouped  into  four  families, 
are  mostly  nocturnal  and  insectivorous, 
and  are  remarkable  for  their  ability  to 
generate  and  detect  weak  electric  signals 
which  are  used  in  navigation  and  for  in- 
traspecific  communication.  Recent  arti- 
cles  on   gymnotoid  electroreception    in- 


clude Hopkins  (1976),  Hopkins  and 
Heiligenberg  (1978),  and  Heiligenberg 
(1977).  The  family  Apteronotidae  is  the 
most  diverse  family  of  gymnotoids  with 
about  ten  genera,  although  gymnotoid 
systematics  at  the  genus  and  species  level 
is  in  need  of  much  finther  study.  Apteron- 
otids  are  uniciue  among  gymnotoids  in 
having  neurally  derived  electric  organs 
which  fire  at  higher  frequencies  (1000- 
1800  Hz)  than  the  myogenic  organs  of  the 
other  wave-generating  families.  The 
Electrophoridae  contains  only  one 
species,  Electrophorus  electricus,  the 
electric  eel,  which  can  produce  a  pow- 
erful electric  discharge  and  may  reach  2.3 
meters  in  length.  Electrophorus  is  pisciv- 
orous. Gynmotids  (Gymnotidae),  with 
about  three  species,  and  the  Rhamphi- 
chthyidae  are  more  elongate  than  apter- 
onotids  and  lack  a  caudal  fin.  Wave-mode 
firing  of  electric  organs  appears  to  have 
evolved  at  least  twice  in  the  gymnotoid 
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fishes.  The  gymnotoid  fishes  are  restrict-  sic  premise  is  that  the  Neoteleostei  rep- 

ed  to  South  and  Central  America.  resents    a   monophyletic   assemblage 

characterized  by  the  specialized  upper 

The  Neoteleostei:  pharyngeal  jaw  (among  other  features), 

T,      ^                        X      i-.i_                 I  wliicli  liave  a  uniciue  tunctional  design 

The  Emergence  of  a  Pharyngeal  .^.    ^,                      ^      ,-       t>a^  it?-      aa\ 

Retractor  Muscle  ^^^^^  ^^^^  appearance  of  an  RD  (Fig.  14). 

Ihe  toffowing  subcliapters  wiff  trace  the 

One  of  the  most  striking  innovations  evolution  of  the  major  groups  of  the  Neo- 
during  the  evolution  of  the  Euteleostei  is  teleostei,  starting  with  the  Stomiiformes 
the  appearance  and  differentiation  of  a  and  Aulopiformes  and  proceeding  to  the 
uni(iue  muscle  associated  with  the  upper  more  advanced  Myctophifomies,  Paracan- 
pharyngeal  jaws.  This  bilaterally  paired  thopterygii,  and  Acanthopterygii. 
muscle  is  known  as  the  retractor  arcus  Characters  corroborating  the  hypothe- 
branchialium  (RAB,  Rosen,  1973)  or  re-  sis  of  neoteleostean  relationships  pre- 
tractor  dorsalis  (RD,  Winterbottom,  sented  here  (essentially  that  of  Rosen, 
1974a).  The  anterior  end  of  each  retractor  1973)  are  summarized  in  Figure  14.  Ro- 
dorsalis  inserts  on  the  dorsal  gill-arch  sen's  (1973)  hypothesis  has  been  exam- 
elements  (pharyngobranchials),  and  the  ined  and  tested  by  Fink  and  Weitzman 
posterior  end  may  originate  from  any  of  (1982)  and  Lauder  (1983).  Several  con- 
the  first  to  sixteenth  vertebrae  (Fig.  32).  elusions  have  emerged  from  these  recent 
Fishes  with  an  RD  are  grouped  together  analyses  that  have  special  importance  for 
in  the  Neoteleostei  (Fig.  14).  Experimen-  neoteleostean  relationships  and  evolu- 
tal  studies  (Lauder,  1983;  Liem,  1970,  tion.  1)  The  protractor  pectoralis  muscle, 
1978)  have  shown  that  the  retractor  mus-  formerly  believed  to  separate  the  Stomi- 
cles  play  a  key  role  in  the  manipulation,  iformes  (which  lack  this  muscle)  from  all 
trituration,  and  swallowing  of  prey.  In  other  neoteleosteans  (Rosen,  1973;  Win- 
primitive  euteleosteans  such  as  Esox  that  terbottom,  1974a)  appears  to  be  a  primi- 
lack  the  retractor  dorsalis,  protraction  and  tive  gnathostome  feature  of  very  scat- 
retraction  of  the  upper  pharyngeal  jaws  tered  distribution  within  teleosts 
occurs  by  alternate  activity  in  the  leva-  (Greenwood  and  Lauder,  1981).  It  thus 
tores  externi  one  and  two  which  produce  does  not  serve  to  define  a  monophyletic 
posterior  movement,  and  the  levatores  taxon  within  the  Neoteleostei.  2)  The 
externi  three  and  four  causing  protraction  "Al"  division  of  the  adductor  mandibu- 
(Lauder,  1983).  In  neoteleosteans  the  re-  lae  appears  to  have  evolved  indepen- 
tractor  dorsalis  forms  the  retractive  com-  dently  in  at  least  three  lineages  of  neo- 
ponent  of  the  upper  pharyngeal  jaw  com-  teleosteans  and  is  not  indicative  of 
plex.  neoteleostean    monophyly   (Fink   and 

Based  on  both  phylogenetic  and  onto-  Weitzman,  1982).  A  muscle,  termed  the 

genetic  evidence  (summarized  in  Rosen,  Alj8,  that  arises  medially  on  the  palato- 

1973;  also  see  Winterbottom,  1974a),  the  quadrate  and  inserts  on  the  maxilla,  oc- 

RD's  originated  from  the  dorsal,   inner  curs  in  stomiiforms,  some  acanthopteryg- 

striated,  longitudinal  muscle  fibers  of  the  ians,    some    paracanthopterygians,    and 

esophagus.   Thus   the   evolution   of  RD  some   aulopiforms,  but  not  in  atherini- 

control  of  the  upper  pharyngeal  jaw  had  forms  or  neoscopelids.  3)  The  presence 

to  be  preceded  by  the  development  of  a  of  a  median  rostral  cartilage  between  the 

substantial  longitudinal  muscle  layer  at  premaxillae  and  the  neurocranium  char- 

the  beginning  of  the  esophagus.  The  evo-  acterizes    the    Neoteleostei    (Fink   and 

lutionary  history  of  the  neoteleosteans  is  Weitzman,  1982).  Finally  4),  at  a  higher 

closely  related  to  changes  and  specializa-  cladistic  level,  the  occurrence  of  apharyn- 

tions  of  the  RD.  In  this  summary,  the  ba-  ogohyoideus  muscle,  with  an  origin  on 


144         Bulletin  Museum  of  Comparative  Zoolo^.y,  Vol.  150,  No.  3 


Figure  33.  Dorsal  gill  arch  elements  and  the  retractor  dorsalis  (RAB)  muscle  in  the  stomiiform  Astronesthes  (dorsal 
view).  The  major  muscle  insertion  is  on  the  dominant  fourth  upper  tooth  plate  (UP4)  and  fourth  pharyngobranchial 
(PB4).  (Modified  from  Rosen,  1973.) 

Other  Abbreviations:  E  1-4,  epibranchials;  PB  1^,  pharyngobranchials;  UP,  upper  pharyngeal  tooth  plate;  UP3-F,  upper 
pharyngeal  tooth  plate  fused  to  endoskeleton. 


ceratobranchial  five  and  insertion  on  the 
nrohyal,  is  a  characteristic  feature  of  the 
ctenosquamate  fishes  (=  myctophiforms, 
paracanthopteiygians,  and  acanthopteiyg- 
ians;  Lauder  1982a).  Stiassny  (in  prep- 
aration) has  found  a  muscle  apparently 
homologous  to  the  ctenosquamate  phar- 
yngohyoideus  in  several  aulopiforms.  It 
is  not  yet  clear  if  the  aulopiforms  are  non- 
monophyletic  or  if  this  muscle  has  been 
independently  ac(iuired  in  a  few  aulopi- 
form  taxa.  The  pharyngohyoideus  is  ho- 
mologous to  the  rectus  communis  muscle 
of  lower  teleosts  which  inserts  on  hypo- 
branchial  3.  The  change  in  insertion  to 
the  uroh\al  marks  an  important  function- 
al shift,  because  the  phar\  iigoln oideus  is 
then  no  longer  an  intrinsic  gill  arch  mus- 
cle, and  forms  the  anterior  element  con- 
trolling anteroposterior  and  lateral  move- 
ment of  the  lower  phar\  ngeal  jaw.  Thus, 
the  Ctenos(}uamata  (Rosen,  1973)  pos- 
sess two  functionalK    important  pharyn- 


geal jaw  innovations  allowing  greatly  in- 
creased control  of  prey  transport  and 
preparation  in  the  pharynx  (Lauder,  1983). 
Other  characters  relevant  to  neoteleos- 
tean  relationships  are  summarized  in 
Figme  14. 

The  Stomiiformes 

Although  stomiiformes  are  considered 
to  be  the  most  primitixe  neoteleosteans, 
the  condition  of  the  retractor  dorsalis 
muscle  appears  to  be  specialized  from  the 
probable  primitive  condition.  The  sto- 
miiform upper  pharyngeal  jaw  apparatus 
has  the  imcinate  process  of  the  second 
epibranchial  obliterated  by  the  develop- 
ment of  a  direct  and  broad  articulation 
with  the  third  pharyngobranchial,  and  the 
stomiiform  RD  insertion  on  the  upper 
i:)har\  ugeal  jaw  is  confined  to  the  most 
posterior  toothplate,  which  is  associated 
with  the  4th  phar\  ngobranchial  (Fig.  33). 
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As  a  result  the  alignment  ol  the  RD  is 
longitudinal.  It  seems  likeK  that  the  re- 
tractor dorsalis  can  produce  greater  ex- 
clusions in  a  longitudinal  direction  than 
tilting  or  rocking  (dorsox  entral)  mo\e- 
nients  oi  the  upper  phar\ngeal  jaws. 

Stomiiforms  are  composed  of  over  eight 
families,  including  Gonostomatidae  (light 
fishes),  Sternoptychidae  (marine  hatchet 
fishes;  Weitzman,  1974),  Chauliodonti- 
dae  (x'iperfishes;  Tchernavin,  1953),  Sto- 
miatidae  (dragonfishes),  and  some  300 
species  that  inhabit  the  middle  depths  of 
the  Atlantic,  Indian,  and  Pacific  oceans. 
They  are  small,  possess  photopores,  and 
haxe  a  mouth  that  extends  posteroven- 
tralh'  past  the  eye. 

Fink  and  Weitzman  (1982)  have  dis- 
cussed characters  that  establish  mono- 
phyly  of  the  Stomiiformes.  These  in- 
clude:  1)  a  unique  photopore  histology, 

2)  type  3  tooth  attachment  (Fink,  1981), 

3)  morphology  of  the  adductor  mandibu- 
lae  muscle,  and  4)  some  branchiostegal 
rays  articulating  with  the  ventral  hypo- 
hyals. 

The  Aulopiformes 

This  relatively  small  order  of  world- 
wide marine  fishes  embraces  two  distinct 
groups:  1)  the  Aulopoidei,  which  con- 
tains the  thread-sail  fishes  (Aulopidae), 
greeneyes  (Chlorophthalmidae),  Bathy- 
sauridae,  Scopelosauridae,  Bathypteroi- 
dae  and  the  large-eyed  but  lens-less  Ip- 
nopidae,  and  2)  the  Alepisauroidei,  which 
contains  the  Synodontidae  (lizard  fishes), 
Harpadontidae  (Bombay  ducks),  Alepi- 
sauridae,  Scopelarchidae,  and  Everman- 
nellidae  (Johnson,  1974). 

All  aulopiform  fishes  share  a  highK 
specialized  feature  in  the  dorsal  ele- 
ments of  the  second  and  third  gill  arches. 
The  second  pharyngobranchial  is  greatly 
elongated  posterolaterally  so  that  its  long 
axis  is  directed  away  from  the  third  pha- 
ryngobranchial. As  a  result  a  gap  is  pres- 
ent between  the  second  epibranchial  and 
the  third  pharyngobranchial.  This  gap  is 
bridged  by  an  uncinate   process   of  the 


second  epibranchial  (Rosen,  1973;  Fig. 
34).  It  is  possible  that  this  bridge  offers 
additional  structiual  strength  to  the  up- 
per phar\  ngeal  jaw  apparatus  and  that  it 
has  de\eloped  as  a  response  to  the  new 
mechanical  loading  by  the  retractor  dor- 
salis muscle. 

The  most  generalized  condition  of  the 
retractor  dorsalis  muscle  (RD)  is  found  in 
the  aulopiforms.  The  RDs  are  still  sur- 
rounded by  the  outer  circular  muscula- 
ture of  the  esophagus.  Anteriorly  the  RDs 
fan  out  to  form  a  flat  sheet  of  muscle  that 
inserts  on  the  fourth  epibranchial  and  the 
ventromedial  edge  of  the  third  pharyn- 
gobranchial (Fig.  34).  Aulopiforms  have 
a  protractor  pectoralis  muscle  which  orig- 
inates from  the  pterotic  and  inserts  on  the 
anterodorsal  surface  of  the  cleithrum. 

Alepisauroids  differ  from  aulopoids  in 
having  longer  pharyngobranchials,  the 
loss  of  the  second  and  fifth  upper  pharyn- 
geal toothplates,  and  the  development  of 
a  very  long  jaw  with  an  oblique  suspen- 
sion. There  is  myological  evidence  that 
the  aulopoids  represent  the  more  primi- 
tive and  generalized  forms  among  the  au- 
lopiforms (Rosen,  1973). 

The  Myctophiformes 

This  large  group  of  pelagic  marine  fish- 
es has  been  abundant  and  diverse  since 
the  Upper  Cretaceous  and  contains 
the  families  the  Myctophidae  (tlie  lan- 
ternfishes),  with  their  photophores  ar- 
ranged along  the  side  of  the  body  like 
portholes,  the  Neoscopelidae,  Everman- 
nellidae  (sabertooth  fishes,  Johnson,  1982) 
and  the  Scopelarchidae  (the  pearl  fishes, 
Johnson,  1974). 

The  Myctophiformes  are  thought  to  be 
monophyletic  since  in  all  species  the 
toothed  third  pharyngobranchial  is  the 
largest  toothed  element  of  the  upper  pha- 
ryngeal jaw.  The  fourth  tooth-plate  is  only 
half  the  size  of  the  third  and  is  movably 
hinged  to  the  third  tooth  plate.  Consis- 
tent with  these  size  relations  of  the  tooth- 
plates  in  myctophiforms  is  the  reduction 
in  size  of  the  foiuth  phar\ngobranchial 
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Figure  34.  Dorsal  gill  arch  elements  and  the  retractor  dorsalis  (RAB)  muscle  in  the  aulopiform  Aulopus  (ventral  view). 
The  muscle  fans  out  to  insert  on  the  third  and  fourth  pharyngobranchials  and  fourth  epibranchial.  The  second  epibran- 
chial  (Ej)  has  a  prominent  uncinate  process  (E,UNC.  PROC).  (Modified  from  Rosen,  1973.) 

Other  Abbreviations:  E,  4,  epibranchials;  PB,  4,  pharyngobranchials;  RAB,  retractor  arcuum  branchialium  or  retractor 
dorsalis  muscle;  TP,  toothplate;  TP-F,  toothplate  fused  with  endoskeleton;  UP,  upper  pharyngeal  toothplate. 


and  the  division  of  die  retractor  dorsalis 
mnscle  into  distinct  medial  and  lateral 
components  or  heads  (Rosen,  1973).  The 
smaller  medial  head  inserts  on  the  third 
pharynj2;obranchial,  whereas  the  lateral 
component  retains  the  original  or  primi- 
tive insertion  on  the  fbnrth  pharyngo- 
branchial  and  its  tooth-plate  (Fig.  35).  The 
appearance  of  the  medial  head  of  the  re- 
tractor dorsalis  inserting  e.xclnsively  on 
the  third  piiar\  ngohranchial  indicates  that 
the  myctophifbrms  are  aligned  with  the 
paracanthopterygians  and  acanthoptery- 
gians  rather  than  with  the  Aulopiformes 
(Rosen,  1973).  The  dnal  insertions  of  the 
retractor  dorsalis  on  the  third  and  fourth 
pharv  iigohranchials  in  myctophiforms 
furnish  the  basic  system  from  which  the 
more  specialized  upper  pharyngeal  jaws 


of  the  paracanthopterygians  and  acan- 
thopterygians  were  derived.  In  myctoph- 
ifbrms we  can  see  the  beginning  of  the 
trend  towards  an  increasing  emphasis  on 
the  third  phar\  ngobranchial  as  the  dom- 
inant tooth-bearing  element  in  the  upper 
pharyngeal  jaw  in  advanced  euteleos- 
teans.  Concomitanth  in  some  Acantho- 
morpha  there  is  a  shift  of  the  insertion  of 
the  retractor  dorsalis  from  the  fourth,  or 
third  and  fourth,  to  an  exclusive  insertion 
on  the  third  pharxiigobranchial. 

The  Myctophidae  (lantern  fishes)  com- 
prise about  32  genera  and  about  220 
species  (Pa.xton,  1972;  Nafpaktitis,  1978; 
Nafpaktitis  ct  al,  1977).  They  occur  in  all 
oceans  from  the  Arctic  to  the  Antarctic 
and  are  known  for  their  daily  vertical  mi- 
grations. At  night  they  migrate  to  the  sur- 
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Figure  35.  Dorsal  gill  arch  elements  and  the  retractor  dorsalis  (RAB)  muscle  in  the  myctophiform  Neoscopelus  (ventral 
view).  The  muscle  is  subdivided  into  an  internal  (RAB-I)  and  external  (RAB-E)  division,  inserting  respectively  on  the  third 
pharyngobranchial  (PB,)  and  the  fourth  upper  toothplate  (UPJ.  (Modified  from  Rosen,  1973.) 

Other  Abbreviations:  E,  4,  epibranchials;  PB,  ,,  pharyngobranchials;  RAB-E,  external  division  of  retractor  dorsalis;  RAB- 
I,  internal  division  of  retractor  dorsalis;  TP-F,  toothplate  fused  to  endoskeleton;  UP,  upper  pharyngeal  toothplate. 


face  to  feed;  with  the  approach  of  day  they 
start  their  return  trip  into  the  depths  as 
far  as  500  meters.  Of  course,  myctophids 
are  well  known  for  the  possession  of  small 
photophores  arranged  in  groups  and  rows 
on  head  and  body.  Because  lanternfishes 
make  up  a  considerable  biomass  and  are 
able  to  convert  plankton  to  food  for  or- 
ganisms higher  on  the  food  chain,  they 
occupy  an  important  position  in  the 
trophic  ecology  of  the  ocean. 

The  Neoscopelidae  is  a  small  family 
containing  five  species  (Nafpaktitis,  1977). 

The  Paracanthopterygii 

The  concept  of  the  Paracanthopterygii 
as  a  monophyletic  assemblage  has  been 
plagued  with  problems,  ambiguity,  and 
confusion  ever  since  its  inception  (Rosen 


and  Patterson,  1969).  The  major  difficulty 
is  the  lack  of  a  shared  derived  feature 
characterizing  all  paracanthopterygians 
(Rosen,  1973).  Here  we  offer  a  provision- 
al scheme  of  paracanthopterygian  rela- 
tionships, realizing  that  we  may  be  in- 
cluding unrelated  groups. 

We  include  the  Percopsiformes  (trout- 
perches),  Gadiformes,  Batrachoidiformes 
(toadfishes),  Lophiiformes  (anglerfishes), 
and  Gobiesociformes  (clingfishes),  groups 
representing  over  200  genera.  The  Per- 
copsiformes is  known  from  the  Creta- 
ceous, whereas  the  other  four  orders  date 
from  the  Eocene.  Paracanthopterygians 
are  predominantly  marine  fishes.  Only 
five  genera  of  the  percopsiforms,  the  gad- 
iform  Lota,  a  few  brotulids,  some  batra- 
choidiforms  and  the  fluviatile  gobiesoc- 
ids  are  freshwater  fishes. 
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Figure  36.  Evolution  of  the  caudal  skeleton  in  the  advanced  neoteleosts.  The  arrows  connecting  the  different  types 
indicate  possible  structural  changes,  not  phyletic  lineages.  The  epurals  are  stippled,  the  second  preural  neural  spine 
crest  is  black.  The  primitive  configuration  of  the  caudal  skeleton  is  exhibited  in  the  Myctophiformes.  In  the  Paracan- 
thopterygii  the  most  anterior  epural  fuses  with  the  second  preural  neural  spine  crest.  Further  specializations  involve  the 
fusions  of  the  hypurals  into  platelike  elements.  In  the  Acanthopterygii  fusions  occur  of  two  preural  vertebrae,  of  which 
one  has  a  complete  neural  spine  and  the  other  a  reduced  or  no  neural  spine  crest.  The  result  of  this  vertebral  fusion  is 
a  caudal  skeleton  configuration  which  is  convergent  to  that  of  the  Paracanthopterygii.  Among  more  specialized  Acan- 
thopterygii fusions  occur  of  the  hypurals  to  form  hypural  plates. 


The  Paracanthopterygii  i,s  at  best  an  ill- 
defined  group.  The  pharyngeal  jaw  ap- 
paratus does  not  furnish  any  phylogenet- 
ic  information  because  in  percopsiforms 
the  retractor  dorsalis  muscle  still  has  two 
heads,  as  in  mvctophiforms,  in  which  the 
lateral  head  inserts  on  the  fourth  pharyn- 
gohranchial.  The  lateral  jaw  nniscles  of 
paracanthopterygians  furnish  conflicting 
evidence.  In  primiti\e  paracanthopteryg- 
ians (percopsids  and  gadids)  the  maxilla 
is  associated  with  two  muscles,  the  A,  and 
A^f3.  More  advanced  paracanthopteryg- 
ians resemble  the  Mvctophidae  in  ha\- 
ing  only  A,/3  inserted  on  the  maxilla.  The 


paracanthopterygians  were  first  defined 
as  a  superorder  (Rosen  and  Patterson, 
1969)  on  the  basis  of  the  structural  spe- 
cialization in  the  caudal  skeleton.  In  all 
adult  paracanthopterygians  the  caudal 
skeleton  is  characterized  by  the  presence 
of  a  full  neural  spine  on  the  second  preur- 
al centrum,  and  two  epurals  (Fig.  36). 
Such  a  structural  configuration  can  be  de- 
veloped b\  three  possible  pathways:  1) 
elongation  of  a  short  spine  on  the  second 
preural  centrum,  2)  a  spineless  second 
preiual  centrum  may  fuse  with  the  nor- 
mal 1>  spine-bearing  third  preural  to  form 
a  compound  centrum  with  one  neural  and 
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two  henial  spines,  3)  fusion  ot  the  first  of  tlie  moiitli  and  reduced  oral  dentition, 

epural    witli   the   crest   on   the   second  In   the   caudal    skeleton    there   is   a   se- 

preural  centrum.  It  is  hypothesized  that  quence  of  fusions  resulting  in  support  of 

in   the   Paracanthoptervgii  the  third  de-  the  caudal  fin  by  two  large  bony  plates 

\ elopniental  mode  has  prevailed  because  (fused  hypurals)  borne  on  two  separate 

the  number  of  epurals  is  inxariabily  re-  centra.  Although  median  fin  spines  are 

duced  in  the  paracanthopteiAgian  caudal  either  reduced   or  lost,   most  percopsi- 

skeleton.   Paracanthopterygians   are   ten-  forms  have  retained  spine  ornamentation 

tati\'ely  defined  by  the  full  neural  spine  on  the  head. 

on  the  second  preural  centrum  thought  to  The  amblyopsids  have  sensory  pa- 
be  the  result  of  epural  fusion,  and  the  pillae  or  tactile  organs  in  very  prominent 
presence  of  not  more  than  two  epurals.  rows  on  the  head,  body,  and  tail.  These 
Unfortunately  the  question  of  paracan-  sensory  organs  correlate  with  the  lack  of 
thopterygian  relationships  cannot  be  re-  vision  in  the  blind  species  or  rudimen- 
solved  on  caudal  e\  idence.  It  has  been  tary  vision  in  the  eyed  forms.  The  distri- 
suggested  b\'  Rosen  (1973)  that  paracan-  bution  of  the  cave-dwelling  amblyopsids 
thopterygians,  polymixioids,  trachichthy-  is  closely  correlated  with  the  limestone 
oids  and  stephanoberycoids  are  all  part  formations  in  the  central  United  States 
of  a  single  monophyletic  group  in  which  (Woods  and  Inger,  1957). 
there  are  "strong  predispositions  to  de-  The  Gadiformes.  This  order  includes 
velop  common  features  of  the  head  and  cods  (Gadidae),  hakes  (Merlucciidae; 
tail."  Polymixioids  can  also  be  consid-  Marshall,  1966),  cusk  eels  (Ophidiidae), 
ered  as  the  primitive  sister  group  of  the  pearlfishes  (Carapidae),  eel  pouts  (Zoar- 
trachichth>  oids  plus  stephanoberycoids  cidae),  grenadiers  and  rattails  (Macrouri- 
and  the  paracanthopterygians  ma\'  be  the  dae).  With  only  a  few  exceptions,  mem- 
primitive  sister  group  of  all  three  (Rosen,  bers  of  the  Gadiformes  are  marine.  The 
1973).  earliest   known    gadiforms,    from    the 

Many   paracanthopterygian   evolution-  Eocene,  were  similar  in  structure  to  early 

ary  patterns  are  the  reverse  of  those  char-  percopsiforms,  but  almost  all  remained 

acteristic  of  generalized  acanthopterygi-  marine  and  subsequently  specialized  to 

ans:  1)  a  decrease  in  the  depth  of  the  head  inhabit  a  wide  variety  of  environments, 

and  trunk,  2)  a  reduction  and  eventual  loss  Gadiforms  (Fig.  37)  are  elongate  fishes, 

of  median  fin  spines,  3)  an  increase  in  the  often  of  the  deeper  and  colder  dysphotic 

number  of  abdominal  vertebrae  relative  marine  habitats.  The  tail  is  reduced  or 

to  the  caudal  vertebrae,  and  4)  a  reduc-  confluent  with  the  long  dorsal  and  anal 

tion  in  spiny  "ornaments"  on  the  loones  fins,  which  have  very  reduced  fin  spines, 

of  the  cheek  and  operculum.  There  is  also  a  tendency  to  develop  pel- 

The  precise  interrelationships  of  the  vie  fins  anterior  to  (jugular  position)  the 
paracanthopterygians  are  still  unknown,  pectoral  fins,  and  mental  or  circummental 
Consequenth'  we  can  offer  only  a  tenta-  barbels.  In  the  upper  jaw  the  postmaxil- 
tive  scheme  of  the  paracanthopterygian  lary  process  on  the  premaxilla  is  distinct- 
interrelationships  leaving  many  prob-  ly  notched  (Fig.  38).  The  brains  of  more 
lems  unresolved  (Fig.  37).  advanced  gadiforms  have  the  olfactory 

The    Percopsiformes.     The     Percopsi-  lobes  located  at  the  olfactory  bulb,  at  a 

formes,    trout    perches    (Percopsis),    pi-  distance  from  the  forebrain  (Svetovidov, 

rate   perches   (Aphredoderus),  and  ca\e  1948). 

fishes  (Ambhjopsis,  Cholof^aster),  is  the  It  is  postulated  that  the  gadiforms  are 

only  paracanthoptei">'gian  group  confined  more  closely  related  to  the  percopsiforms 

to  freshwater.   It  is   restricted  to  North  (Fig.  37)  than  to  any  other  paracantho- 

America.  pterygian   (Rosen   and   Patterson,    1969), 

All  percopsiforms  have  a  reduced  gape  because  the  two  orders  share  several  spe- 
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Figure  37.  Interrelationships  of  the  major  groups  of  the  Paracanthopterygii.  Major  specializations  characterizing  the 
various  lineages  are:  1,  increase  in  the  number  of  abdominal  vertebrae;  2,  decrease  in  the  depth  of  the  head  and  trunk; 
3,  suboperculum  enlarged  and  operculum  reduced;  4,  anterior  vertebrae  crowded  and  linked;  5,  trend  tow/ard  various 
patterns  of  fusions  of  the  hypurals;  6,  in  the  caudal  skeleton  the  second  preural  centrum  possesses  a  complete  spine 
which  is  formed  by  fusion  of  the  first  epural  with  the  crest  on  the  2nd  preural  centrum;  7,  pterosphenoid  and  para- 
sphenoid  in  contact;  8,  olfactory  bulb  at  the  olfactory  organ  and  at  a  long  distance  from  the  rest  of  the  forebrain;  9,  in 
the  caudal  skeleton  there  are  two  large  bony  plates,  representing  fused  hypurals  borne  on  two  separate  centra;  10, 
reduced  gape  of  the  mouth  and  reduced  oral  dentition;  11,  postmaxillary  process  of  the  premaxilla  notched;  12,  tail 
reduced  or  confluent  with  dorsal  and  anal  fins,  13,  pelvic  fins  in  jugular  position;  14,  presence  of  mental  barbels;  15, 
skull  roof  flattened;  16,  parasphenoid  and  frontal  bones  either  approaching  each  other  or  sutured  to  each  other;  17, 
large  sphenotics  flaring  forward  and  laterally;  18,  progressive  reduction  in  the  ossification  of  the  palatopterygoid;  19, 
pectoral  radials  elongate;  20,  the  entopterygoid  not  ossified;  21,  short  spinous  dorsal  fin  and  long  soft  dorsal  fin;  22, 
modified  pectoral  girdle  correlated  with  "walking"  mechanism;  23,  spinous  dorsal  fin  modified  into  a  lure;  24,  all 
palatopterygoid  bones  reduced;  25,  extreme  dorsoventral  flattening;  26,  joint  between  cleithrum  and  supracleithrum; 
27,  pelvic  fins  modified  into  a  sucker;  28,  joint  between  a  convex  condyle  of  interoperculum  and  concave  fossa  of 
epihyal;  29,  hypertrophied  sternohyoideus  with  a  medial  and  lateral  head;  30,  asymmetrical  heart  with  reduced  sinus 
venosus  and  large  accessory  common  cardinal  chambers;  31,  short  ventral  aorta  with  only  three  afferent  branchial 
arteries. 


cializations  which  are  thought  to  reflect 
common  ancestry:  1)  position  of  the  ol- 
factory lobe  at  the  olfactory  organ,  and  2) 
a  tendency  to  establish  contacts  between 
parasphenoid  and  pterosphenoid  bones 
in  the  skull  (Fig.  37:  characters  7,  8). 

The  Gadidae  and  Merluccidae,  con- 
taining the  cod,  haddock,  pollock,  ling, 
hake,  and  whiting,  are  predominantly 
cold-  and  temperate-water  groups  occur- 
ring mostly  in  the  northern  hemisphere. 
Gadids  and  merluccids  share  an  epihyal- 


interopercular  joint.  A  medially  directed 
process  arises  from  the  medial  surface  of 
the  interoperculum,  and  its  concave 
articular  surface  meets  the  convex  pro- 
tuberance on  the  posteroventral  corner 
of  the  epihyal.  The  general  configura- 
tion of  the  joint  shows  some  resem- 
blance to  the  epihyal-interopercular  joint 
of  the  gobiesociforms.  However,  the  rel- 
ative position  and  the  shape  of  the  artic- 
ular surfaces  of  the  gadid-merlucciid 
epihyal-interopercular  joint  differ  from 
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Figure  38.     A.  Bones  of  the  upper  jaw  in  the  gadiform  Ogilbia.  Note  the  notched  postmaxillary  process  (NOT)  of  the 

premaxilla  (PM).  B.  Opercular  apparatus  and  jaw  suspension  in  the  gadiform  Pollachius  virens. 

Other  Abbreviations:  ECT,  ectopterygoid;  ENT,  endopterygoid;  HM,  hyomandibula;  lOP,  interoperculum;  MPT,  meta- 

pterygoid;  MX,  maxilla;  OP,  operculum;  P,  palatine;  POP,  preoperculum;  Q,  quadrate;  SMX,  supramaxilla;  SOP,  sub- 

operculum. 


those  of  the  gobiesociforms.  The  former 
represent  the  world's  most  vahiable  food 
fishes.  Many  species  Hve  near  the  bottom 
and  utiHze  the  benthic  invertebrate  tauna 
as  food.  Gadids  also  hold  the  record  for 
being  the  most  prolific  egg  producers,  a 
single  large  female  laying  around 
9,000,000  eggs  in  one  spawning  season. 

The   Macrouridae  (rattails;    15  genera 
and  about  250  species)  have  large  heads 


and  eyes,  long  tapering  tails  and  live  in 
the  depths  of  all  the  oceans  in  tremen- 
dous abundance  (Okamura,  1970).  Some 
of  the  eelpouts  (Zoarcidae)  are  vivipa- 
rous, giving  birth  to  as  many  as  40  young. 
Zoarcids  are  common  fishes  in  the  cold 
waters  of  both  the  Arctic  and  Antarctic. 
Twenty-eight  zoarcid  genera  with  65 
species  have  been  described  (Nielsen, 
1968;   McAllister  and  Rees,   1964).  The 
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Figure  39.  Dorsal  view  of  the  skull  of  Thalassophryne  to 
show  flattening  of  the  skull  and  the  large,  laterally  flaring 
sphenotics  (SPH). 

Other  Abbreviations:  AP,  articular  process  of  the  premax- 
illa;  E,  ethmoid;  EO,  epiotic;  EOC,  exoccipital;  F,  frontal; 
L,  lacrimal;  LE,  lateral  ethmoid;  MX,  maxilla;  N,  nasal;  PA, 
parietal;  PT,  posttemporal;  SOC,  supraoccipital;  SPH, 
sphenotic;  ST,  pterotic. 


Carapidae  (pearlfishes)  are  small  fi.shes 
that  li\'e  conimonlv'  (some  even  parasiti- 
calh)  in  mollusks  and  sea  cucumbers  both 
in  tropical  and  temperate  oceans  (Arnold, 
1956).  The  Ophidiidae  (brotulas  and  cusk 
eels;  Nielsen,  1969)  contains  about  16 
genera  with  190  species  (Gosline,  1971). 
A  specimen  of  the  ophidiid  Abyssobrot- 
uhi  g,alatheae  has  been  dredged  at  a  depth 
of  about  8,000  meters  which  is  the  deep- 
est record  of  a  captured  teleost  fish  (Niel- 
sen, 1977). 

Tlie  Batrachoidijorni  Liiwd^c.  This 
group  has  diversified  into  three  orders, 
the  Bahachoidiformes,  Lophiiformes,  and 
Gobiesocifomies  (Fig.  37).  Four  special- 
izations link  these  three  groups  together 
(Fig.  37:  characters  1.5-18).  The  skull  roof 
is  greath  flattened,  and  the  parasphenoid 
either  approaches  (Gobiesocifbrmes)  or 
is  sutured  to  (Lophiiformes,  Batrachoid- 


iformes)  the  frontals.  With  the  flattening 
of  the  skull  the  sphenotics  have  become 
ver\  large,  flaring  forward  and  laterally, 
while  the  infraorbital  bones  are  repre- 
sented only  b\'  a  lacrimal  (Fig.  39).  All 
three  groups  have  well-differentiated  as- 
cending processes  of  the  premaxilla  and 
show  trends  toward  a  strong  connection 
of  the  hyomandibula  with  the  preoper- 
culum  and  reduction  in  ossification  of  the 
palatopterygoid  arch. 

Key  features  that  relate  the  batrachoid- 
iform  lineages  with  the  gadiforms  are 
found  in  the  gill  cover,  the  anterior  ver- 
tebral column,  the  median  fins,  and  skin 
(Fig.  37:  Rosen  and  Patterson,  1969).  In 
both  the  gadiforms  and  batrachoidiform 
lineages  the  operculum  is  reduced,  while 
the  sub-operculum  has  become  greatly 
enlarged,  forming  most  of  the  distinctly 
angular  gill  cover  and  extending  upward 
and  backward  to  the  posterodorsal  tip  of 
the  operculum  (Fig.  38).  The  anterior 
vertebrae  are  not  onl\'  compressed  but  are 
joined  via  overlapping  pre-  and  postzy- 
gapophyses,  while  the  median  fins  are 
long  and  many-rayed,  luostly  confluent 
with  the  caudal  except  in  specialized 
members.  Finally,  both  lineages  have  re- 
duced scales  or  have  lost  them  altogether 
(Fig.  37). 

The  three  orders  within  the  batra- 
choidiform lineage  differ  in  a  number  of 
structural  specializations  concerned  with 
feeding  and  locomotion. 

Batrachoidiforms  (toadfishes,  e.g.,  0/>- 
sanus)  are  primariK  coastal  benthic  fish- 
es of  the  Atlantic,  Indian,  and  Pacific 
Oceans.  They  are  first  known  from  the 
Miocene.  Batrachoidiforms  are  slow- 
mo\ing  bottom  fishes  with  a  short  spi- 
nous dorsal  fin  and  long  soft-ra>  ed  dorsal 
fin.  In  the  palatoptervgoid  arch  the  en- 
topterygoid  is  the  only  element  that  is  not 
fulK  ossified.  The  radial  bones  (Fig.  40) 
supporting  the  pectoral  fins  are  txpically 
elongate.  Toadfishes  can  li\  e  out  of  water, 
sometimes  for  hours,  and  can  make 
sounds,  usual  1\  grunts,  growls,  or  a  single 
boat-whistle  blast.  Sound  is  produced  by 
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specialized  "sonic  muscles"  in  associa- 
tion with  the  swinibladder  (Skoglund, 
1961).  The  55  species  oi  batrachoidiforms 
are  priniariK  marine  benthic  fishes,  ex- 
cept tor  two  species  confined  to  fresh 
water. 

Lophiiformes,  comprising  the  goose- 
fishes  (Lophiidae),  anglerfishes  (Cera- 
tioidei),  frogfishes  (Antennariidae),  bat- 
fishes  (Ogcocephalidae;  Bradbury,  1980), 
Tetrabrachiidae,  Lophichthyidae,  Brach- 
ionichthyidae,  and  Chaunacidae,  are 
widespread  marine  fishes  in  shallow 
water  as  well  as  deep-sea  habitats  (Ber- 
telsen,  1951).  In  the  lophiiforms  all  pter- 
\goid  bones  in  the  palatopterygoid  arch 
are  reduced.  However,  most  of  the  major 
specializations  of  lophiiforms  concern  the 
feeding  mechanism,  which  in  general  is 
adapted  to  the  taking  of  large  prey  at  high 
speeds  (Grobecker  and  Pietsch,  1979). 
Lophiiforms  are  thought  to  be  monophy- 
letic  sharing  the  following  synapomor- 
phies  (Pietsch,  1981):  1)  Spinous  dorsal 
fin  primitively  of  six  spines,  the  anterior- 
most  three  of  which  are  cephalic  in  po- 
sition and  modified  as  a  luring  apparatus; 
2)  epiotics  separated  from  parietals  and 
meeting  on  the  midline  posterior  to  the 
supraoccipital;  3)  gill  opening  restricted 
to  a  small,  elongate,  tubelike  opening  sit- 
uated innnediately  dorsal  to,  posterior  to, 
or  ventral  to  the  pectoral  base;  4)  eggs 
spawned  in  a  double,  scroll-shaped  mu- 
cous sheath.  In  the  wholly  benthic  forms, 
the  pectoral  girdle  is  greatly  modified  in 
accordance  with  the  development  oi 
clasping,  prehensile,  and  "walking" 
mechanisms.  Many  members  have  fewer 
than  five  narrow  and  elongate  radials,  of 
which  the  ventral  most  is  considerably 
expanded  distally.  The  Lophiiformes 
comprises  18  fiimilies  with  about  255 
species,  including  numerous  highly  spe- 
cialized and  bizarre  forms.  In  some  fam- 
ilies the  males  are  parasitic  on  the  fe- 
males, attaching  firmly  with  their  jaws  and 
becoming,  in  most  cases,  completely  de- 
pendent upon  the  female  for  their  basic 
physiological  functions  (Fig.  37). 


acr 


Figure  40.  Shoulder  girdle  in  members  of  the  batrachoid- 
iform  lineage.  A.  Batrachoides,  a  batrachoidiform,  after 
Monod  (1960).  B.  Gigantactis,  a  lophiiform.  after  Water- 
man (1948).  C.  Gobiesox.  a  gobiesociform,  after  Rosen 
and  Patterson  (1969). 

Abbreviations:  acr,  accessory  upper  pectoral  radial;  cl, 
cleithrum;  cor,  coracoid;  corpr,  posteroventral  process  of 
coracoid;  opf,  outline  of  pectoral  fin;  sea,  scapula. 


Gobiesociforms  (clingfishes)  are  small, 
dorsoventrally  flattened  fishes  with  a 
ventral  sucker  formed  of  the  modified 
pelvic  fin  and  surrounding  tissue  (Briggs, 
1955;  Gosline,  1970).  They  inhabit  ma- 
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Figure  41.  Lateral  view  of  the  branchial  musculature  after  removal  of  the  gills  and  mucous  membranes  in  the  gobie- 
sociform  Alabes  rufus.  The  sternohyoideus  (SH)  has  w/ell-differentiated  lateral  (LH)  and  medial  heads  (MH);  the  ventral 
end  of  the  supracleithrum  (SCL)  forms  a  distinct  joint  (CLJ)  with  the  cleithrum. 

Other  Abbreviations:  AAP,  adductor  arcus  palatini;  AD,  adductor  branchialis;  AD5+OP,  fifth  adductor  and  obliquus 
posterior  muscles;  CB^,,  ceratobranchials  1-5;  CL,  cleithrum;  CLJ,  supracleithrum-cleithral  joint;  H,  heart;  HH,  hyoh- 
yoideus,  cut  and  reflected  to  expose  sternohyoideus;  LE,_4,  levatores  externi  1-4;  LI,  levator  internus;  LP,  levator 
posterior;  OP,  obliquus  posterior;  PCE,  pharyngocleithralis  externus;  PCI,  pharyngocleithralis  internus;  PH,  pharyngoh- 
yoideus;  PP,  protractor  pectoralis;  SH,  sternohyoideus  with  lateral  head  (LH)  and  medial  head  (MH);  UH,  urohyal. 


rine  and  occasionally  freshwaters  in  the 
tropics  and  along  many  temperate  sea- 
coasts.  The  dorsoventral  flattening  of  the 
head  and  body  is  correlated  with  the  ori- 
entation and  shape  of  the  bones  of"  the 
jaw  suspension  and  opercular  apparatus. 
Th(^  pterygoid  bones  in  the  palatoptery- 
goid  arch  are  lost  (Rosen  and  Patterson, 
1969).  Most  of  the  specializations  of"  the 
gobiesociforms  correlate  with  ecological 
zones  involving  rapid  water  exchange, 
such  as  the  intertidal  zone  and  steeply 
descending  freshwater  streams  (Fig.  37). 
As   observed  by   Springer  and   Fraser 


(1976),  most  of  the  specialized  osteolog- 
ical  characters  shared  by  the  gobiesoci- 
forms are  reductional  in  nature:  the  loss 
of  scales,  basisphenoid,  pterosphenoid, 
metapterygoid,  mesopterygoid,  suborbit- 
als (except  lacrymal),  and  first  infrapha- 
ryngobranchial.  According  to  Springer 
and  Fraser  (1976),  the  single  most  signif- 
icant synapomorphy  of  the  Gobiesoci- 
formes  is  the  presence  of  a  joint  between 
the  supracleithrum  and  the  cleithriun:  the 
supracleithrum  has  a  shallow,  concave 
process  on  its  distal  end  that  articulates 
with  a  convex  condyle  on  the  anterior 
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BSR 


Figure  42.  Ventrolateral  view  of  the  association  of  the  epihyal  (EH)  and  interoperculum  (lOP)  of  Alabes  dorsalis  (A) 
and  Goblesox  papillifer  (B)  (MCZ  44836).  The  interoperculum  has  been  dissected  away  from  the  preoperculum,  and  the 
hyoid  ramus  pulled  down,  to  reveal  the  epihyal-interoperculum  joint  (lEJ). 

Other  Abbreviations:  BSR,  branchiostegal  rays;  EH,  epihyal,  with  a  condyle  of  the  interoperculum  and  a  fossa  in  the 
epihyal;  lOP,  interoperculum;  LIM,  interoperculomandibular  ligament;  MD,  mandible;  POP,  preoperculum. 


surface  of  the  proximal  end  of  the  cleith- 
rum  (Fig.  41).  Such  a  joint  is  not  dupli- 
cated in  other  fishes.  Because  A/w/^es  (Al- 
abetidae  or  Cheilobranchidae)  possess  a 
siinihirly  specialized  supracleithrum- 
cleithruni  joint,  it  has  been  placed  in  the 


Gobiesociformes  (Springer  and  Fraser, 
1976).  Previously,  the  Alabetidae  has 
been  classified  with  the  Synbranchi- 
formes  (Regan,  1912)  or  the  Blenniidae 
(Vaillant,  1905;  Greenwood,  1975). 

We  present  additional  synaponiorphies 
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characterizing  the  Gohiesocifornies  as  a  branchial  arteries  are  Licking.  The  first  af- 

monophyletic  assembhige  and  offer  sup-  ferent  branchial  arteries  originate  inde- 

porting  evidence  that  Ahibes  is  indeed  a  pendently   from   the   ventral   aorta.   The 

gobiesociform  (Fig.  37:  characters  28-31).  second  and  third  afferent  branchial  arter- 

Gobiesociforms  (including  A/f//;<:^s)  have  ies  originate  by  a  long  comnion  root  from 

a  joint  between  the  interoperculum  and  the  ventral  aorta  (Fig.  43). 

epihyal  bone  superficially  resembling  the  The  additional  synapomorphies  given 

condition    in   gadids   and   merlucciids.  here  seem  to  indicate  that  the  gobiesoci- 

From  the  medial  surface  of  the  intero-  forms  with  the  inclusion  of  the  Cheilob- 

perculum   toward  the   rear  third   of  the  ranchidae  (Alabetidae,  with  1  genus  Al- 

bone,  a  distinct  process  arises.  The  pro-  abcs   and  4   species)   is   a  monophyletic 

cess  is  directed  medially  and  has  a  car-  assemblage  defined  by  the  presence  of  a 

tilage  lined  convex  condyle,  which  fits  in  joint  between  the   supracleithrum   and 

a  matching,  shallow  concavity  on  the  lat-  cleithrum,  a  joint  between  the  interoper- 

eral  aspect  of  the  epihyal  (Fig.  42).  This  culum  and  the   epihyal,  the  accessory 

linkage  establishes  a  firm  connection  be-  common  cardinal  chambers  in  the  heart, 

tween  the  epihyal  and  interoperculum.  A  asymmetr\'  of  the  heart,  and  the  charac- 

second  linkage  between  interoperculum  teristic  configuration  of  the  three  afferent 

and  hyoid  is  present  in  the  form  of  a  very  branchial  arteries, 
strong  cordlike  ligament.  The  fiuictional 

significance  of  this  linkage  is  still  un-  jhe  Acanthopterygii 
known,  but  it  is  possible  that  the  sterno- 

hyoideus-hyoid-interoperculum   cou-  This   vast   group   of  advanced   neote- 

pling  to  open  the  mouth  (Liem,  1970)  is  leosts  is  first  known  in  the  Cretaceous, 

dominant  in  the  gobiesociforms,  because  The  Acanthopterygii  and  Paracanthopte- 

of  the  strong  double  linkages  of  the  in-  rygii   can   be   considered   members   of   a 

teroperculum  and  the  hyoid,  and  the  hy-  monophyletic  lineage  (Fig.   14)  because 

pertrophied  sternohyoideus  muscle  with  both  groups  show  strong  development  of 

two  characteristic  heads  (Fig.  41):  a  me-  ctenoid   scales    (already   present   in   the 

dial  and  lateral  head,  separated  by  a  hy-  myctophiforms),    armored    opercular 

pertrophied  pharyngocleithralis  externus  bones,  and  an  elongation  of  the  ascend- 

muscle.  ing  and   articular  processes   oi  the   pre- 

Gobiesociforms  (including  A/«/7e.s)  have  maxilla.    Furthermore,   in   both   groups 

a  very  specialized  cardiac  morphology  not  there  are  evolutionary  trends  toward  an 

encountered  in  other  teleosts.  The  heart  elevation  of  the  pectoral  fins  on  the  Hank 

is  distinctly  asymmetrical,  with  the  ven-  and   movement  of  the   pelvic  fins   ante- 

tricle  on  the  right  side  and  the  atrium  on  riorly.  These  characters,  however,  are  less 

the  left  (Fig.  43).  The  sinus  venosus  is  than  satisfactory,  and  a  convincing  defi- 

greatly  reduced,  but  two  large  chambers  nition  of  this  lineage  is  lacking.  An  ob- 

form  at  the  point  where  the  anterior  and  vious  feature  of  generalized  acanthopter- 

posterior  cardinal  veins  enter  the  heart,  ygians,  and  the  one  to  which  this  term 

These  accessory  common  cardinal  cham-  refers,  is  the  differentiation  of  stiff  spines 

bers  are  much  larger  than  the  sinus  ven-  in  the  anal  and  dorsal  fins.  This  radiation 

osus  and  bulbus  arteriosus.  The  presence  includes   the   great   majority   of   modern 

of  these    accessory   common    cardinal  marine   fish   species   as   well   as   a   large 

chambers  represents  a  synapomorphy  of  number  of  freshwater  forms.  The  acan- 

the  gobiesociforms.  Anteriorly  the  ven-  thopterygians  represent  a  monophyletic 

tral  aorta  tends  to  be  short  and  only  three  group   characterized   by   several    major 

afferent  and  efferent  branchial  arteries  are  structural  and  I'unctional  specializations, 

present.  The  fourth  afferent  and  efferent  The   specialized   acanthopterygian   char- 
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Figure  43.  Cardiac  morphology  in  the  gobiesociforms  Alabes  dorsalis  and  Gobiesox  papillifer.  A.  ventral  view  of  the 
heart  and  great  vessels  in  Alabes;  B.  ventral  view  of  the  heart  and  great  vessels  in  Gobiesox.  C.  dorsal  view  of  the  heart 
and  great  vessels  in  Alabes.  D.  lateral  view  of  the  right  side  of  the  heart  of  Alabes. 

Abbreviations:  ABA,.,,  afferent  branchial  arteries  1-3;  ACC,  accessory  common  cardinal  chamber;  ACV,  anterior  car- 
dinal vein;  AT,  atrium;  BA,  bulbus  arteriosus;  ES,  esophagus;  HV,  hepatic  vein;  PCV,  posterior  cardinal  vein;  SV  sinus 
venosus;  V,  ventricle;  VA,  ventral  aorta. 


acter  coinple.xes  occur  in  two  functional  dorsalis  muscle  (Fig.  44:RD)  that  inserts 

units:  the  pharyngeal  jaw  apparatus  and  principally  or  entirely  on  the  third  pha- 

the  oral  jaw  mechanism.  ryngobranchial.  In  addition,  the  second 

The  upper  pharyngeal  jaw  apparatus  is  and   third   epibranchials   are    enlarged, 

characterized  by  a  specialized  retractor  forming  the  principal  structural  support 
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UP2-F 


E3TP-F 


Figure  44.     Dorsal  gill  arch  elements  and  the  retractor  dorsalis  (RAB)  muscle  in  the  acanthopterygian  Epinephelus 
(ventral  view).  Muscle  is  inserted  on  the  upper  toothplate  (UP3-F)  fused  to  the  third  pharyngobranchial  (PB3) 

Other  Abbreviations:  E,_4,  epibranchials;  PB,.,,  pharyngobranchials;  TP-F,  toothplate  fused  to  endoskeleton;  UP,  upper 
toothplate;  UP-F,  upper  toothplate  fused  to  endoskeleton  (Modified  from  Rosen,  1973). 


for  the  upper  pharyngeal  jaws  (Fig.  44; 
Rosen  1973). 

In  niyctophiform  and  paracanthopte- 
rygian  fishes  the  upper  jaw  symphysis  is 
capable  of  little  or  no  foward  movement, 
while  acanthopterygians  have  a  much 
more  mobile  upper  jaw.  With  the  emer- 
gence of  a  well-developed  ascending 
process  on  the  premaxilla,  the  symph>- 
seal  and  alveolar  parts  of  the  bone  are 
capable  of  significant  forward  displace- 
ment or  protrusbility  (Fig.  45;  Alexander, 
1967).  Upper  jaw  protrusion  in  acantho- 
pterygians can  be  accomplished  in  at  least 


four  different  ways  (Liem,  1979)  and  can 
be  modulated  precisely  by  various  pat- 
terns of  muscle  contraction.  Thus  the 
acanthopterygian  jaw  apparatus  is  a  pre- 
hensile device  of  great  versatility.  The 
structural  diversification  seen  in  the 
acanthopterygian  jaw  apparatus  is  great 
and  may  be  correlated  with  the  midtiple 
kinematic  pathways  underhing  upper  jaw 
protrusion.  The  13  orders  within  the 
Acanthopterygii  may  be  divided  into 
two  groups  (categories  or  series):  the  Ath- 
erinomorpha,  and  the  poorly  defined  Per- 
comorpha. 
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Figure  45.     Jaw  protrusion  in  the  percoid  fish  Monocirrhus  during  the  capture  of  prey.  A-D.  Four  representative  stages 
of  mouth  opening  and  jaw  protrusion.  D.  fully  protruded  condition.  (From  Liem,  1970.) 


Atherinomorplia 

This  group  is  first  known  from  the 
Eocene  and  according  to  the  most  recent 
classification  (Parenti,  1981;  Rosen  and 
Parenti,  1981)  contains  11  families  and 
about  830  species,  including  the  killifish- 
es  (cyprinodontids),  live-bearing  top 
minnows  (Poeciliidae),  silversides  (Ath- 
erinidae),  four-eyed  fishes  (Anablepi- 
dae),  ricefishes  (Adrianichthyidae),  half- 
beaks  (Hemiramphidae),  needlefishes 
(Belonidae),  and  ocean  flying  fishes  (Exo- 
coetidae).  Atherinomorphs  have  a  nearly 
world-wide  distribution  and  inhabit  ma- 
rine waters  and  freshwaters  both  in  trop- 
ical and  temperate  climates. 

There  is  considerable  evidence  that  the 
atherinomorphs  are  members  of  a  mono- 


phyletic  assemblage  (Rosen  and  Parenti, 
1981)  representing  a  major  radiation  at  the 
advanced  neoteleostean  level.  Atherino- 
morphs share,  among  others,  the  follow- 
ing derived  characters  (Rosen  and  Par- 
enti, 1981):  1)  A  specialized  oral  jaw 
mechanism  in  which  the  rostral  cartilage 
is  not  attached  to  the  premaxilla  and  the 
protrusible  upper  jaw  has  crossed  pala- 
tomaxillary ligaments  with  a  maxillary 
ligament  to  the  cranium.  It  is  postulated 
that  the  left  and  right  premaxillae  are  ca- 
pable of  and  normally  undergo  indepen- 
dent movement  during  upper  jaw  protru- 
sion (Rosen,  1964;  Karrer,  1967).  2)  A  large 
demersal  egg  with  many  oil  droplets  that 
coalesce  at  the  vegetative  pole  and  rather 
long  adhesive  filaments.  3)  The  absence 
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Figure  46.  Dorsal  gill  elements  seen  from  dorsal  view.  A.  Generalized  percoid  (Morone).  B.  Atherinomorph  (Thelmatti- 
erina).  In  generalized  percoids  the  fourth  pharyngobranchial  is  present,  while  in  atherinomorphs  the  element  is  lost. 
(Modified  from  Rosen  and  Parenti,  1981.) 

Abbreviations:  EB,  4,  epibranchials  1-4;  IC,  interarcual  cartilage;  PBi_4,  pharyngobranchials  1-4;  UP4,  upper  toothplate 
of  fourth  branchial  arch. 


of  the  third,  fourth,  and  fifth  infraorbital 
bones  and  the  fourth  pharyngobranchial 
(Fig.  46;  Rosen  and  Parenti,  1981). 

The  relationship  between  atherino- 
morphs and  the  Percomorpha  is  specified 
by  the  presence  in  the  dorsal  gill  arch 
skeleton  of  an  interarcual  cartilage  be- 
tween the  first  epibranchial  and  second 
pharyngobranchial  (Fig.  46;  Rosen  and 
Parenti,  1981);  however,  see  Travers 
(1981)  for  the  distribution  of  the  interar- 
cual cartilage.  Atherinomorphs  have  four 
bladelike  branchiostegals  inserting  lat- 
erally on  the  hyoid  bar,  the  anterionnost 
located  just  posterior  to  a  notch  on  the 
anterior  ceratohyal. 

Included  in  the  Atherinomorj^ha  are  the 


"atherinoids"  (Atherinidae,  Bedotiidae, 
Isonidae,  Melanotaeniidae,  Phallostethi- 
dae,  and  Telmatherinidae),  the  Cyprino- 
dontiformes  (Parenti,  1981),  and  the  Be- 
loniformes  (Adrianichthyoidei  and 
Exocoetoidei). 

Within  the  atherinomorphs,  the  "ath- 
erinoids" are  still  problematic  since  they 
cannot  be  regarded  as  a  monophyletic 
group,  and  at  present  the  Atherinoidei 
cannot  be  characterized.  Among  the  ath- 
erinoids are  the  Atherinidae  (silversides) 
most  of  which  are  marine.  However,  many 
species  live  in  freshwater  (Barbour,  1973). 
The  grunion,  Leuresthes  tenuis,  is  prob- 
ably the  best  known  atherinid  because  of 
its  peculiar  spawning  behavior  which  is 
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Figure  47.  Phylogenetic  relationships  of  the  Atherinomorpha.  Note  that,  at  present,  the  Percomorpha  are  not  charac- 
terized by  any  shared  derived  character(s).  The  "Atherinoids"  are  probably  not  monophyletic,  since  they  lack  unifying 
specialized  characters.  1,  presence  of  an  interarcual  cartilage  in  the  dorsal  gill  arch  skeleton  between  the  first  and 
second  pharyngobranchial;  2,  retractor  dorsalis  inserts  principally  or  entirely  on  the  third  pharyngobranchial;  3,  sym- 
physeal  and  alveolar  parts  of  the  premaxilla  are  capable  of  significant  downward  and  forward  displacement;  4,  a  spe- 
cialized oral  jaw  mechanism  in  which  the  rostral  cartilage  is  not  attached  to  the  premaxilla  and  the  protrusible  upper 
jaw  has  crossed  palatomaxillary  ligaments  with  a  maxillary  ligament  to  the  cranium;  5,  a  large  demersal  egg  with  many 
oil  droplets  and  adhesive  filaments;  6,  the  third,  fourth,  and  fifth  infraorbitals  and  the  fourth  pharyngobranchial  are 
absent;  7,  the  first  epibranchial  has  an  expanded  base;  8,  second  and  third  epibranchials  reduced;  9,  1st  and  2nd 
infraorbital  lacking;  10,  symmetrical  internal  skeleton  of  the  caudal  fin;  11,  caudal  fin  is  not  lobed;  12,  low-set  pectoral 
fins  associated  with  a  large,  scalelike  postcleithrum;  13,  presence  of  a  large  ventral  flange  on  the  fifth  ceratobranchials; 
14,  second  and  third  epibranchials  distinctly  smaller  than  other  epibranchials;  15,  second  pharyngobranchial  vertically 
reoriented. 


determined  by  the  lunar  cycle  (Clark, 
1925;  Walker,  1952).  More  than  150  ath- 
erinid  species  belonging  to  29  genera 
have  been  described.  The  rainbow  fishes 
(Melanotaeniidae)  inhabit  freshwaters  of 
Australia,  Aru  Island,  and  New  Guinea. 
The  Phallostethidae  are  peculiar  atheri- 
noids possessing  highly  specialized, 
muscular  and  bony  copulatory  organs  un- 
der the  throat  of  the  male  (Bailey,  1936; 
Roberts,  1971a,  b). 

The  remaining  two  atherinomorph  lin- 
eages are  the  Cyprinodontiformes  and 
Beloniformes  (Fig.  47)  which  share  sev- 
eral specialized  characters  in  the  dorsal 
gill  arches  (Fig.  48):  1)  the  first  epibran- 
chial has  an  expanded  base,  2)  the  second 
and  third  epibranchial  are  reduced,  and 
3)  the  first  pharyngobranchial  and  the 
second  infraorbital  bone  are  lost. 

Beloniformes  are  readily  characterized 
by  the  presence  of  a  large  ventral  flange 
on  the   fifth  ceratobranchial,   relatively 


small  second  and  third  epibranchials,  a 
vertical  reorientation  of  the  second  pha- 
ryngobranchial and  the  loss  of  the  inter- 
hyal. 

The  beloniforms  are  composed  of  the 
exocoetoids,  characterized  by  a  median 
lower  pharyngeal  toothplate  (Rosen,  1964) 
and  more  than  three  anterior  branchioste- 
gal  rays,  and  the  Adrianichthyoidei  with 
a  greatly  expanded  articular  surface  of  the 
fourth  epibranchial  and  the  loss  of  the 
metapterygoid  or  ectopterygoid.  Among 
the  exocoetoids  (Karrer,  1967)  are  the  ma- 
rine flying  fishes  (Exocoetidae),  the  ma- 
rine and  freshwater  halfbeaks  (Hemiram- 
phidae),  the  predominantly  marine 
needlefishes  (Belonidae),  and  the  marine 
sauries  (Scomberesocidae).  The  adrian- 
ichthyoids  contain  one  family,  the  Ad- 
rianichthyidae  (which  includes  the  Ory- 
ziidae  and  Horaichthyidae).  The  medakas 
(Oryzias)  from  the  fresh-  and  brackish 
waters  of  India  and  Japan  to  the  Indo- 
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Figure  48.     Dorsal  gill  arch  elements  seen  from  dorsal  view.  A.  Representative  cyprinodontiform  (Aplocheilus).  B.  Rep- 
resentative beloniform  {Xenentodon).  (Modified  from  Rosen  and  Parenti,  1981.) 

Abbreviations:  EB,_4,  epibranchials  1^:  IC,  interarcual  cartilage;  PB.^.;,,  pharyngobranchials  2,  3;  UP^,  upper  tootfiplate 
of  fourth!  branchial  arch. 


Australian  Archipelago,  are  often  used  for 
developmental  studies. 

Cyprinodontifonns  are  characterized  by 
several  unique  features  (Parenti,  1981): 
1)  the  internal  skeleton  of  the  caudal  fin 
is  synniietrical  because  the  epiual  syni- 
metricalK  opposes  the  parhvpmal,  2)  the 
unlohed  caudal  fin,  and  3)  the  low-set 
pectoral  fins  with  a  large,  scalelike  post- 
cleithrum.  In  general,  cyprinodontiforms 
have  a  pattern  of  early  sexual  maturation 
and  prolonged  embryonic  development. 
In  the  most  recent  classification  (Parenti, 
1981),  nine  families  are  recognized  with- 
in  the   cyprinodontiforms.   Quite   a   lew 


have  served  as  exemplary  experimental 
subjects  and  many  are  ver\'  popular  with 
aquarists.  Among  the  killifishes  are  an- 
nual fishes  with  eggs  that  can  withstand 
dessication  and  possess  different  devel- 
opmental rates  so  they  can  survive  un- 
predictable fluctuations  in  the  environ- 
ment (Wourms,  1972).  One  of  the  best 
known  members  of  the  neotropical  Ri- 
vulidae  is  Rivulus  Diarnioratus,  the  self- 
fertilizing  hermaphroditic  species  (Har- 
rington, 1961).  The  f()ur-e\'ed  fishes  (An- 
ablepidae)  of  the  freshwaters  of  southern 
Mexico  to  northern  South  America  have 
their  cornea  and  retina  divided  into  up- 
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per   and    lower   "e\es,"    tlie    upper   eye  generate  new  schemes  that  depart  racH- 

above  the  waterline  serving  for  aerial  vi-  calh  from  existing  ones.  It  is  ahnost  cer- 

sion.  Among  the  Poecihidae  and  himp-  tain   that   the   Beryciformes   and   Perci- 

eyes  (se/i.sj/  Parenti,  1981)  are  the  famous  formes   are   polyphyletic  assemhhiges. 

gupp\ ,  Poccilia  reticulata,  and  the  nios-  Since  they  occup\'  key  positions  in  the 

quitofish    {Gambusia    afJDiis).    The    up-  present  scheme,  any  change  in  their  phy- 

turned  mouth  opening  serves  to  exploit  logenetic  schemes  will  greatly  affect  the 

the  oxygen-rich  surface  layer  for  respira-  classification  of  the  other  percomorphs. 

tion.  Contrary  to  common  belief,  guppies  The  classification  offered  here  will  serve 

are  not  surface  feeders,  but  feed  on  ben-  to  identify  the  weaknesses  in  our  current 

thic    detritus,    invertebrates,    and    algae  knowledge  of  the  evolutionary  relation- 

(Dussault  and  Kramer,  1981).  PoeciUopsis  ships  among  the  percomorphs. 
is  another  cyprinodontoid  genus  which 

has  an  all-female  species  in  northwestern  ^^^  Beryciformes 
Mexico  (Schultz,  1973).  Poecilia  jormosa 

consists  almost  exclusively  of  females  us-  Beryciforms  are  abundant  and  diverse 

ing  males  of  another  species  (which  con-  in  the   fossil   record   of  the   Cretaceous 

tribute  nothing  to  the  gene  pool  of  the  (Patterson,    1964,    1967,    1968b).   These 

offspring)  to  stimulate  development  of  the  primitive  marine  acanthopterygians   in- 

egg.  Other  cyprinodontiform  families  are  elude  the  squirrelfishes  (Holocentridae), 

the  Old  World  Aplocheilidae  (of  which  alfonsinos  (Berycidae),  lantern-eye  fishes 

many  members  are  often  brightly  colored  (Anomalopidae),   and   pinecone    fishes 

and  are  popular  in  the  aquarium  trade),  (Monocentridae)  (Zehren,   1979;  Woods 

the  viviparous  Goodeidae  from  the  fresh-  and  Sonoda,   1973).  Beryciforms  exhibit 

waters  of  west  central  Mexico  (Miller  and  all  the  major  features  that  characterize  the 

Fitzsimons,  1971),  the  Profundulidae,  and  Acanthopterygii,  but,  as  one  might  expect 

the   Fundulidae   of  which   the   brackish  in  a  "basal"  group,  they  differ  from  more 

water  species  Fiinduhis  heterocUtus   is  advanced  orders  by  the  retention  of  such 

well  known  to  experimental  biologists.  It  primitive  features  as  an  orbito-sphenoid 

is  not  only  very  common  on  the  coast  of  bone  in  the  neurocranium,  the  presence 

the    northeastern    U.S.    (Bigelow   and  of  18  or  19  rays  in  the  tail  fin,  the  full 

Schroeder,  1953)  but  is  a  very  hardy  fish  complement  of  three  epurals,  and  a  low 

with    interesting   developmental   and  crest  on  the  second  preural  vertebra  in 

physiological  features.  the  caudal  skeleton.  All  beryciforms  share 

,  a  peculiar  specialization  in  the  tail:  the 

Percomorplia  presence   of  true,   unpaired   procurrent 

The  remaining  groups  in  the  Acantho-  caudal  fin  spines  (Fig.  49),  rather  than  un- 

pter\  gii  belong  to  the  Percomorpha.  The  segmented  bilaterally  paired  rays  as  in 

percomorphs  are  ill-defined  (Rosen,  1973)  other   acanthopterygians    (Patterson, 

and  their  internal  classification  is  very  1968b);  but  see  Rosen,  1973,  page  452  for 

tentative,   confusing,   and  problematic,  contradictory  obsei-vations. 

Existing  "phylogenetic"  schemes  are  at  The   beryciforms   and   perciforms   ap- 

best  grade  classifications  adopted  as  tem-  pear  to  share  a  common  ancestry,  and  the 

porary  expedients.  It  is  certain  that  many  Beryciformes   may  represent  the   primi- 

of  the  major  taxa  are  polyphyletic  groups  tive  sister  group.  Both  taxa  have  the  pel- 

that  simply  link  most  of  the  "primitive"  vie  girdle  firmly  joined  to  the  pectoral 

members  of  a  phyletic  unit.  Forthcoming  girdle,  pelvic  fins  with  a  spine  and  five 

investigations    of  phylogenetic   relation-  soft  rays,  and  the  second  circumorbital 

ships  based  on  rigorous  and  objective  ap-  bone  with  a  suborbital  shelf  underlying 

proaches   and   principles   will   doubtless  the  eye  (Fig.  50).  There  is  little  doubt  that 
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procurrent  caudal 
spines         N^ 


unsegmented  fin  ray 


segmented  fin   ray 


Figure  49.     Lateral  view  of  the  caudal  skeleton  of  a  beryciform,  showing  the  characteristic  unpaired,  truly  spinous 
structures:  the  procurrent  caudal  spines. 


these  features  reflect  close  phylogenetic 
relationships  between  the  beryciforms 
and  the  largest  known  order,  the  Perci- 
fornis  (perchlike  fishes). 

Based  on  the  specialized  morphology 
of  the  otoliths  (Fig.  51),  Patterson  (1964) 
suggested  that  the  order  Zeiformes  (do- 
ries) is  a  sister  group  of  the  Beryciformes 
and  that  both  groups  are  the  sister  group 
of  the  perciform  assemblage. 

In  spite  of  the  extensive  and  excellent 
osteological  studies  by  Zehren  (1979)  and 
Patterson  (1964)  the  monophyly  of  the 
Beryciformes  has  yet  to  be  demonstrated. 
All  recent  berycifomi  families  may  rep- 
resent monophyletic  groups  (Zehren, 
1979).  The  Monocentridae  (pinecone 
fishes)  have  a  body  amior  of  thick  scales 
and  the  dentary  has  a  distinct  notch  on 


the  ventral  border.  Lantern  eye  fishes 
(Anomalopidae)  have  the  anterolateral 
portions  of  the  nasal  prolonged  into  a  dis- 
tinct process  which  articulates  with  the 
lateral  ethmoid  and  a  subocular  light  or- 
gan. In  the  Beiycidae  (alfonsinos)  the 
lacrimal  is  extended  posteriorly  below 
infraorbital  1  to  articulate  with  infraor- 
bital 2.  Squirrelfishes  (Holocentridae) 
possess  a  transverse  crest  on  the  dorsal 
surface  of  the  supraoccipital.  Other  be- 
lyciform  families  are  the  Trachichthyidae 
(slimeheads),  Diretmidae,  Polymixiidae, 
Gibberichthyidae,  Stephanoberycidae 
(pricklefishes),  and  Anoplogasteridae 
(iangtooths).  By  virtue  of  their  possible 
sister  group  relationship  to  the  Perci- 
formes,  and  uncertainty  over  their  inter- 
relationships, the  Beryciformes  offer  nu- 
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Figure  51.  Inner  face  of  the  sacculith  (otolith  with  the 
sacculus).  A.  The  most  primitive  zeiform  Antigonia.  B.  The 
berycoid  Beryx.  C.  The  zeiform  Capros.  (Modified  from 
Stinton,  1967.) 


merous  challenging  phylogenetic  and 
evolutionary  problems  for  future  work- 
ers. 

The  Lampridiformes 

Although  the  main  radiation  of  acan- 
thopterygian  fishes  occurs  in  the  Perci- 
formes,  there  seem  to  have  diverged,  at 
an  earh  stage,  an  assemblage  of  odd  types 
of  percomorphs.  The  highly  specialized 
Lampridiformes  (opahs)  are  an  assem- 
blage of  mainly  deep  sea  fishes  (Walters, 
1960;  Walters  and  Fitch,  1960).  The  1am- 
pridiform  caudal  skeleton  shows  similar- 
ities to  that  of  some  ber\ciformes.  The 
proposed  relationships  of  the  Lampridi- 
formes to  other  percomorphs  is  depicted 
in  Figure  50.  Lampridiformes  have  no 
true  spines  in  their  fins  and  possess  an 
luiusual  jaw  mechanism  in  which  the 
ma.xillae  slide  out  with  the  premaxillae 
during  protrusion  (Oelschlager,  1978; 
Pietsch,  1978a).  The  pelvic  girdle  is  not 
attached  to  the  cleithrum,  but  instead  it 
is  connected  to  a  greatly  enlarged  special 
bone  of  the  pectoral  girdle,  the  h\  pocor- 
acoid  (Oelschlager,  1978).  Lampris,  the 
opah  or  moonfish,  is  perhaps  the  best 
known  for  its  odd  appearance  and  size 
(about  1  m,  and  300  kg). 

The  Zeiformes 

The  dories  (Zeidae)  and  boarfishes 
(Antigoniidae)  together  are  considered  the 
sister  group  of  the  bcrx  tilonncs  (f^ig.  50) 
because  of  the  shared  specializations  in 
the  mori")h()l()g\  of  the  otoliths  (Patterson, 


1964).  In  zeiforms,  the  caudal  skeleton  has 
specialized  along  the  lines  characteristic 
for  the  perciforms  and  the  zeiform  pelvic 
fin  with  one  spine  and  five  to  nine 
branched  rays  also  approaches  the  per- 
ciform  condition.  The  dories  {Zeus)  are 
thin,  deep-bodied  fishes  with  enormous- 
1\-  distensible  jaws  set  at  an  obliciue  an- 
gle. Thev  are  marine  and  widespread 
(Myers,  1960). 

At  this  point  it  seems  appropriate  to  ob- 
serve that  important  changes  in  methods 
of  locomotion  have  taken  place  during  the 
evolution  of  the  acanthopterygian  fishes. 
The  pattern  in  the  Beryciformes,  Lam- 
pridiformes, and  Zeiformes  (Fig.  50)  is 
toward  a  shortening  and  deepening  ol  the 
body  with  a  decrease  in  the  niunber  ot 
vertebrae.  The  pectoral  fins  are  almost  al- 
ways well  developed  and  are  located, 
possibly  for  maneuverabilit\ ,  high  up  on 
the  side  of  the  body.  The  pel\  ic  fins  have 
mo\ed  forward  to  a  position  below  the 
pectorals,  with  the  peKic  girdle  attached 
to  the  cleithrum.  Such  a  forward  shift  may 
serve  as  an  aid  toward  proper  balance  ne- 
cessitated by  the  upward  move  of  the 
pectorals.  The  end  results  of  this  trend 
are  especialK'  discernable  among  the 
Perciformes  (Fig.  50). 

The  Gasterosteiformes 

The  Gasterosteiformes  appear  to  be 
another  highh  specialized  side  branch  of 
early  acanthopterygians  (Fig.  50).  Pietsch 
(19781))  has  included  the  former  order 
Pegasiformes  in  the  Gasterosteiformes  on 
the  basis  of  some  shared  specializations 
in  the  feeding  apparatus.  We  follow  the 
provisional  pin  letic  scheme  proposed  by 
Pietsch  and  ha\e  put  the  sea  moths  (pe- 
gasoids),  the  sticklebacks  (Gasteroste- 
idae),  sea  horses  (S\  ngnathoidei),  and 
trumpet  fishes  (Aulostomidae,  Fistulari- 
dae)  in  a  presumabK  monophyletic  as- 
semblage, the  Gasterosteiformes. 

The  Gasterosteiformes  are  first  known 
from  the  Lower  Eocene  and  are  wideK* 
distributed    todax    in    both    marine   and 
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fVeshwaters.  In  this  group  the  body  is  typ- 
ically elongate  and  slender  and  may  be 
encased  in  bony  plates;  the  small  mouth 
is  usually  located  at  the  end  of  a  tubular 
snout.  All  members  are  slow-moving  fish- 
es. The  sticklebacks  (Gasterosteidae)  are 
famous  for  the  numerous  studies  made  on 
their  behavior  and  physiology  (Wootton, 
1976). 

Because  the  Gasterosteiformes  are  so 
specialized  they  provide  little  evidence 
of  their  phylogenetic  position.  In  all  gas- 
terosteiformes the  spinous  and  soft  parts 
of  the  dorsal  fin  are  separated.  In  the  pe- 
gasoids  the  pelvic  girdle  is  attached  to 
the  cleithrum,  and  they  possess  a  pteryg- 
iophore  in  the  dorsal  fin  indicating  that 
the  spinous  dorsal  fin  has  been  lost  sec- 
ondarily. It  is  postulated  that  in  gaster- 
osteids  the  pelvic  girdle  has  lost  its  at- 
tachment with  the  cleithrum  secondarily. 
Monophyly  of  the  Gasterosteiformes  has 
not  been  convincingly  demonstrated 
(Gosline,  1971;  Greenwood  et  al.,  1966). 
Some  authors  (e.g.,  McAllister,  1968;  J. 
Nelson,  1976)  prefer  to  recognize  two 
groups  at  the  ordinal  level,  i.e.,  Syng- 
nathiformes  and  Gasterosteifonnes.  In  the 
Gasterosteidae  (sticklebacks)  and  the  Au- 
lorhynchydae  (tubesnouts)  the  post- 
cleithrum  is  lost.  The  loss  of  the  post- 
cleithrum  is  a  derived  character, 
suggesting  a  closer  relationship  between 
the  Gasterosteidae  and  Aulorhynchidae 
than  to  any  other  gasterosteiform. 

The  remaining  gasterosteiformes  have 
lost  all  infraorbitals  except  for  the  lacri- 
mal and  possess  very  specialized  tufted 
lobelike  gills  (Rauther,  1937).  Included 
in  this  group  are  six  families.  The  tropical 
marine  trumpetfishes  (Aulostomidae) 
which  inhabit  reefs  and  often  rest  with 
their  bodies  in  a  vertical  position  with  the 
head  downward.  The  Fistularidae  (Cor- 
netfishes)  are  also  tropical  marine  fishes 
with  exceptionally  long  tubular  snouts 
(Jungersen,  1910)  functioning  as  pipette- 
like suction  devices.  Snipefishes  (Macro- 
rhamphosidae)  and  ghost  pipefishes  (So- 
lenostomidae)  are  both  small  families  of 


mainly  tropical  marine  fishes.  The 
shrimpfishes  (Gentriscidae)  have  a  pe- 
culiar locomotor  mode:  they  swim  in  a 
vertical  position  with  the  snout  down- 
wards. The  Syngnathidae  (pipefishes  and 
seahorses)  are  mostly  marine  fishes  in- 
habiting shallow  waters.  In  syngnathids 
the  males  care  for  the  brood  the  females 
attach  to  them  in  a  pouchlike  structure 
or  on  the  ventral  surface  of  the  trunk  or 
tail. 

The  Dactylopteriformes 

The  Dactylopteriformes  (flying  gur- 
nards) is  a  small  order  of  specialized  trop- 
ical marine  fishes  (Fig.  50)  whose  rela- 
tionships are  still  unknown.  The 
dactylopteriforms  have  large  pectoral  fins 
giving  them  an  ability  to  "glide"  in  a  way 
paralleling  the  exocoetids  or  true  flying 
fishes.  The  dactylopteriforms  have  the 
pelvic  girdle  attached  to  the  cleithrum, 
and  have  lost  the  lateral  line.  The  spi- 
nous and  soft  dorsal  fins  are  separated. 
Dactylopterids  are  benthic  fishes  that  can 
"walk"  on  the  sea  floor  by  alternately 
moving  the  pelvic  fins  (J.  Nelson,  1976). 

The  Perciformes 

The  order  Perciformes  (perchlike  fish- 
es) cannot  be  defined  cladistically  and  is 
almost  certainly  a  gradal  and  unnatural 
assemblage.  Even  though  the  Perci- 
formes is  clearly  polyphyletic,  many  at- 
tributes have  been  assigned  to  the  group: 
1)  It  is  the  most  diversified  of  all  fish  or- 
ders, 2)  It  is  the  largest  vertebrate  order 
comprising  about  20  suborders  contain- 
ing 150  families  and  at  least  6,900  species, 
3)  Perciforms  dominate  vertebrate  ocean 
life  and  also  form  a  major  component  of 
the  fish  fauna  in  many  tropical  and  sub- 
tropical freshwaters,  and  4)  It  is  the  basal 
evolutionary  group  from  which  numer- 
ous other  groups  are  believed  to  have 
been  derived  (Gosline,  1968).  None  of  the 
above-mentioned  attributes  commonly 
ascribed  to  perciforms  in  evolutionary 
discussions  is  meaningful  because  mon- 
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ophyly  of  the  group  has  not  been  estab- 
lished. If  the  Perciformes  is  polyphxletic, 
no  statements  can  be  made  about  their 
morphological,  functional,  and  taxonomic 
diversity,  evolutionary  patterns,  evolu- 
tionary rates,  biogeography,  and  ecolog- 
ical dominance  in  the  oceans  and  fresh- 
water. It  is  better  to  refrain  from 
perpetuating  such  evolutionary  scenarios 
so  prevalent  in  the  present  ichthylogical 
literature  and  to  focus  on  the  problems 
and  inconsistencies  of  the  internal  clas- 
sification of  the  Perciformes,  and  offer 
hypotheses  of  relationships  of  some  of  the 
major  taxa.  Because  the  Perciformes  is 
presently  ill  defined  and  the  internal 
classification  so  poorly  known,  this  dis- 
cussion will  focus  on  some  specific  prob- 
lems rather  than  offer  a  general  classifi- 
cation of  over  150  families. 

To  date  the  Perciformes  cannot  be  de- 
fined by  either  a  single  specialized  char- 
acter or  a  combination  of  specialized 
characters.  The  perciform  categories  dis- 
cussed below  do  not  necessarily  delimit 
monophyletic  groups. 

Suborder  Percoidei.  The  most  gener- 
alized and  several  specialized  perciforms 
are  included  in  this  undefined  assem- 
blage. Included  in  the  Percoidei  are  such 
important  food  fishes  as  the  Serranidae 
(Smith,  1971;  Gosline,  1966),  the  sea- 
basses,  with  about  370  species  of  which 
many  are  protogynous  hermaphrodites 
(Smith,  1965);  the  Carangidae,  jacks  and 
pompanos  with  their  distinctly  com- 
pressed bodies;  the  iMullidae,  goatfishes, 
with  their  two  long  chin  barbels  used  for 
detecting  food;  the  Lutjanidae  (Johnson, 
1980),  snappers,  which  are  sometimes  re- 
sponsible for  ciguatera  or  fish  poisoning. 
Other  percoids  include  the  Pomadasyi- 
dae  (grunts)  and  Sciaenidae  (drums  and 
croakers;  Trewavas,  1977),  which  make 
sounds,  using  the  swimbladder  as  a  re- 
sonating chamber;  the  wide-spread  re- 
moras  (Echeneidae;  Gosline,  1971)  in 
which  the  spinous  dorsal  fin  is  trans- 
formed into  a  sucking  disc;  and  the  Cor- 
yphaenidae  (dolphins,  mahi  mahi;  Gibbs 


and  Collette,  1959),  which  are  composed 
of  very  fast  swimming,  streamlined 
oceanic  fishes.  More  generalized  per- 
coids include  the  Centropomidae 
(Greenwood,  1976),  the  snooks;  the  Per- 
cidae  (Collette,  1963)  the  perches  and 
darters;  and  the  Centrarchidae,  the  sun- 
fishes.  Many  percoid  families  are  strictly 
marine,  e.g.,  the  Grammistidae  (soapfish- 
es),  Chaetodontidae  (butterflyfishes);  Ky- 
phosidae  (sea  chubs),  Ephippidae  (bon- 
netmouths);  Bramidae  (Mead,  1972), 
pomfrets;  Pomatomidae  (bluefish);  Bran- 
chiostegidae  (tilefish);  Apogonidae  (car- 
dinalfishes.  Eraser,  1972);  Priacanthidae 
(bigeyes);  Teraponidae  (tigerperches, 
Vari,  1978),  Grammidae  (basslets);  Ple- 
siopidae  (roundheads);  and  Leiognathi- 
dae  (ponyfishes). 

Some  of  the  percoid  families  are 
thought  "to  have  given  rise"  to  the  de- 
rived perciform  suborders.  Eor  example, 
the  Nandidae  (leaf  fishes)  has  been  hy- 
pothesized to  be  related  to  the  Anaban- 
toidei  (Nelson,  1969a;  Gosline,  1971). 
Liem  and  Greenwood  (1981),  have  ar- 
gued that  the  evidence  for  such  a  close 
relationship  is  questionable.  On  the  basis 
of  functional  morphological  data  it  has 
been  shown  that  the  features  associated 
with  the  tongue-parasphenoid  bite  in 
pristolepids  are  specialized  and  unique, 
making  them  autapomorphic  for  Pristo- 
lepis,  an  important  taxon  in  efforts  to  re- 
late Nandidae  with  the  Anabantoidei.  The 
dentition  on  the  parasphenoid,  basihyal, 
and  third  hypobrauchial  and  all  features 
associated  with  the  swallowing  apparatus 
in  nandids  and  channiforms  are  primi- 
tive, and  do  not  indicate  relationships 
with  either  Pri.stolepi.s  or  the  Anaban- 
toidei. Thus,  the  efforts  to  demonstrate 
monophyly  of  the  Nandidae,  Anabanto- 
idei and  Channiformes  have  failed.  How- 
ever, Barlow  et  aJ.  (1968)  and  Liem  and 
Greenwood  (1981),  have  discovered  evi- 
dence that  Badis  hadis,  which  is  tradi- 
tionally classified  with  or  very  near  the 
Nandidae  (Gosline,  1971)  may  share  spe- 
cializations   with    the   Anabantoidei:    a 
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Figure  52.  Interrelationships  of  the  major  labroid  lineages  based  on  the  following  specialized  characters:  1,  United  or 
fused  fifth  ceratobranchials;  2,  true  diarthrosis  between  upper  pharyngeal  jaws  and  basicranium;  3,  undivided  sphincter 
oesophagi  muscle;  4,  strong  sheet  of  connective  tissue  joining  lower  jaw  with  a  ligament,  which  inserts  on  the  ceratohyal 
bone;  5,  nipple-like  bony  process  on  ventral  surface  of  lower  pharyngeal  jaw;  6,  pharyngo-cleithral  articulation  of 
characteristic  form;  7,  obliquus  posterior  dominant  muscle  to  lower  pharyngeal  jaw;  levator  externus  4  and  obliquus 
posterior  vertically  aligned  on  fourth  epibranchial,  separated  by  oblique  aponeurosis  or  tendon;  8,  transversus  dorsalis 
muscle  subdivided  into  four  parts;  9,  premaxillae  and  maxillae  functionally  decoupled;  10,  cartilagenous  cap  on  anterior 
border  of  epibranchial  2;  11,  microbranchiospinae  of  characteristic  form  present  on  outer  faces  of  second,  third,  and 
fourth  gill  arches;  12,  Ao  and  A„  portions  of  adductor  mandibulae  complex  separated  completely;  insertion  of  large 
ventral  division  of  A,  onto  angulo-articular;  13,  head  of  epibranchial  4  distinctly  expanded;  14,  intra-uterine  development 
of  young  with  highly  modified  vascularized  median  fins;  15,  muscular  sheet  joining  A,  and  A.,.3  portions  of  adductor 
mandibulae;  16,  levator  posterior  dominant  muscle  to  the  lower  pharyngeal  jaw,  forming  a  force  couple  with  the  pha- 
ryngocleithralis  muscle;  17,  toothplates  of  fourth  pharyngobranchials  absent  or  reduced;  18,  fourth  epibranchials  highly 
modified,  articulating  with  upper  pharyngeal  jaws;  19,  true  pharyngo-cleithral  articulation  functioning  as  sliding  and 
hinge  joint;  20,  levator  externus  4  is  a  continuous  muscle  joining  prootic  region  to  muscular  process  on  lower  jaw;  21, 
predisposition  for  insertion  of  levator  posterior  muscle  on  lower  pharyngeal  jaw;  22,  loss  of  second  pharyngobranchial 
toothplates;  23,  first  three  branchial  adductor  muscles  cover  anterodorsal  faces  of  the  epibranchials;  24,  ligament 
connecting  postmaxillary  process  of  maxilla  with  anterior  border  of  palatine  and  ectopterygoid;  25,  tooth  rows  arranged 
radially  across  the  lower  pharyngeal  jaw,  teeth  located  directly  over  the  symphysis  between  left  and  right  fifth  cerato- 
branchials, dominant  mode  of  tooth  replacement  from  posterior  margin  of  toothplate.  (From  Kaufman  and  Liem,  1982.) 


functional  separation  of  the  lower  pha- 
ryngeal jaw-parasphenoid  bite  from  the 
swallowing  mechanism.  It  is  therefore 
possible  that  Badis  is  the  primitive  sister 
group  of  the  Anabantoidei. 

The  Pomacentridae  (damselfishes), 
Embiotocidae,  and  the  Cichlidae  have 
been  considered  members  of  the  per- 
coids  for  many  years  (Regan,  1913).  We 
deviate  from  this  traditional  scheme  and 
link  the  three  families  together  with  the 
Labridae,  Odacidae,  and  Scaridae  into 
one  monophyletic  assemblage  (Fig.  52)  at 
the  subordinal  rank:  The  Labroidei  (also 
see  Stiassnv,  1981;  Kaufman  and  Liem, 
1982). 


TJie  Labroidei.  The  Labroidei  are  com- 
posed of  the  Pomacentridae  (damselfish- 
es), Cichlidae,  Embiotocidae  (surfperch- 
es),  Labridae  (wrasses),  Odacidae,  and 
Scaridae  (parrotfishes).  The  Labroidei  are 
characterized  by  (Stiassny,  1980;  Kauf- 
man and  Liem,  1982):  1)  united  or  fused 
fifth  ceratobranchials  resulting  in  the  for- 
mation of  one  lower  pharyngeal  jaw,  2)  a 
true  diarthrosis  between  the  upper  pha- 
ryngeal jaws  and  the  skull  base  without 
an  intervening  musculous  part  of  the 
transversus  dorsalis  anterior  muscle  (Fig. 
53),  and  3)  the  presence  of  an  undivided 
sphincter  oesophagi  muscle  forming  a 
continuous  sheet  (Fig.  53). 
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Figure  53.  Dorsal  aspect  of  the  branchial  musculature  viewed  from  posterior  to  elucidate  the  muscles  surrounding  the 
esophagus  and  posterior  branchial  arches  in  representative  Pomacentridae  (A.  Tautogolabrus  adspersus.  B.  Amphi- 
prlon  xanthurus);  representative  cichlid  (C.  "Haplochromis"  leuciscus)  (From  Kaufman  and  Liem,  1982). 

Abbreviations:  AD,  adductor  branchialis;  APU,  apophysis  of  upper  pharyngeal  jaw  (third  pharyngobranchial);  CB,,  fifth 
ceratobranchial  (lower  pharyngeal  jaw,  LPJ);  EB,  epibranchial;  ES,  esophagus;  LE,  levator  externus  muscle;  LI,  levator 
internus  muscle;  LP,  levator  posterior  muscle;  OD,  obliquus  dorsalis;  OP,  obliquus  posterior  muscle;  PB,  pharyngo- 
branchial; RD,  retractor  dorsalis  muscle;  SO,  sphincter  oesophagi  muscle;  TDS,  transversus  dorsalis  anterior  muscle; 
TDP,  transversus  dorsalis  posterior  muscle. 


The  Pomacentridae  is  considered  the 
primitive  sister  group  of  all  other  labroids 
(Stiassny,  1980).  In  pomacentrids  the 
fourth  levator  externus  and  levator  pos- 
terior muscles  insert  on  the  fourth  epi- 
branchials,  a  plesiomorphous  condition 
found  also  in  all  primitive  perciforms.  Po- 
macentrids can  be  defined  by  1)  the  pres- 
ence of  a  strong  connective  tissue  sheet 
connecting  the  medial  face  of  the  lower 
jaw  via  a  cylindrical  ligament  with  the 
ceratohyal  (Stiassny,  1981);  2)  a  pair  of 
nipplelike  processes  are  present  on  the 
ventral  surface  of  the  lower  pharyngeal 
jaw  serving  as  insertion  sites  for  the  pha- 
ryngohyoideus  muscle;  3)  the  muscular 
processes  of  the  lower  pharyngeal  jaw 
abut  the  cleithra;  and  4)  the  oblicjuus  pos- 
terior muscle  is  prominent  and  is  sepa- 
rated from  the  fourth  levator  externus  by 
a  distinct  aponeurosis  (Fig.  53).  The  fi- 
bers of  the  fourth  levator  externus  and 
olilicjuus  posterior  muscles  are  not  con- 
timious.  Pomacentrids  are  represented  by 


about  23  genera  with  230  species  inhab- 
iting all  tropical  seas,  but  primarily  the 
Indo-Pacific. 

The  freshwater  family  Cichlidae  has 
recently  been  defined  (Liem  and  Green- 
wood, 1981;  Stiassny,  1980,  1981;  Kauf- 
man and  Liem  1982)  by  at  least  five  shared 
derived  characters:  1)  the  transversus 
dorsalis  muscle  is  subdivided  into  four 
parts  (Fig.  53);  2)  microbranchiospinae  of 
characteristic  form  are  present  on  the  gill 
arches;  3)  the  presence  of  an  extensive 
cartilaginous  cap  on  the  anterior  border 
of  the  second  epibranchial  (Fig.  54);  4) 
the  A.,  and  Aw  portions  of  the  adductor 
mandibulae  complex  are  separate;  and  5) 
the  head  of  the  fourth  epibranchial  is  ex- 
panded. The  Cichlidae  comprise  about  85 
genera  and  well  over  1,000  species.  Cich- 
lids  are  known  for  their  complex  territo- 
rial, agonistic  and  courtship  behavior 
(Baerends  and  Baerends-van  Roon,  1950; 
Wickler,  1962,  1963;  Keenleyside,  1979), 
and  the  fre<iuent  occurrence  of  color  and 
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trophic  polvniorphisni  (Fryer  and  lies, 
1972;  Sage  and  Selander,  1975;  Kornfield 
and  Koehn,  1975).  A  spectacular  evolii- 
ti()nar\  radiation  occins  amongst  the  en- 
demic cichlids  inhabiting  Lakes  Victoria, 
Malawi  and  Tanganyika  (Fryer  and  lies, 
1972;  Greenwood,  1974).  Speciation 
(Greenwood,  1974),  morphological  and 
fnnctional  diversification  (Liem,  1978, 
1979,  1980)  and  ecological  dominance 
(Fryer  and  lies,  1972;  Liem,  1982)  of  the 
cichlids  of  Lakes  Victoria,  Malawi,  and 
Tanganyika  are  considered  accentuated 
if  compared  with  similar  phenomena  in 
other  vertebrates. 

Phylogenetically,  the  Cichlidae  repre- 
sent the  most  primitive  labroid  in  which 
the  fourth  levator  externus  becomes  in- 
serted on  the  lower  pharyngeal  jaw  (Liem, 
1974).  Ontogenetically  the  fourth  levator 
externus  gains  its  attachment  of  the  lower 
pharyngeal  jaw  by  fusing  with  a  large  me- 
dial head  of  the  obliquus  posterior  mus- 
cle (Aerts,  1982;  Fig.  53).  Thus  the  cich- 
lid  lower  pharyngeal  jaw  is  suspended  in 
a  muscular  sling,  part  of  which  can  be 
kept  in  continuous  tension.  Such  a  struc- 
tural specialization  facilitates  the  con- 
trolled protrusion,  retrusion,  and  lateral 
translation,  as  well  as  rotation  about  three 
axes  of  the  lower  pharyngeal  jaw  (Liem, 
1978).  This  specialized  pharyngognathy 
of  the  cichlids  is  shared  with  the  more 
derived  Embiotocidae  and  Labridae  (Fig. 
52). 

The  Embiotocidae  (surfperches)  are 
coastal  marine  fishes  (one  species  lives  in 
freshwater),  which  are  fully  viviparous, 
delivering  large  well-developed  young. 
The  males  have  a  small,  intromittent  or- 
gan, representing  a  modified  forward  end 
of  the  anal  fin.  Monophyly  of  the  embi- 
otocids  can  be  established  by  the  highly 
specialized  viviparity  and  associated 
structural,  physiological  and  behavioral 
features  involving  specialized  and  vas- 
cularized median  fins  (Webb  and  Brett, 
1972).  In  respect  to  the  jaw  mechanisms, 
embiotocids  share  a  specialized  feature: 
a  small  slip  of  parallel  muscle  fibers  aris- 


Figure  54.  Dorsal  view  of  dorsal  gill  arch  elements  of  a 
representative  member  of  the  Cichlidae  ("Haplochromis" 
leu  ci  sous). 

Abbreviations:  AP,  articular  process  of  the  upper  pharyn- 
geal jaw  on  the  third  pharyngobranchial;  CCj,  cartilagi- 
nous cap  on  the  2nd  epibranchial;  EB,_4,  epibranchials  1- 
4;  L,  ligament;  PB,.:,,  pharyngobranchials  1-3;  UP4,  upper 
toothplate  of  the  fourth  branchial  arch. 


ing  from  the  anteromedial  region  of  the 
part  Ai  of  the  adductor  mandibulae  mus- 
cle and  inserting  upon  the  dorsal  aponeu- 
rosis of  part  A2  3  of  this  muscle  complex 
(Stiassny,  1981)'. 

The  Labridae  as  defined  by  Kaufman 
and  Liem  (1982)  include  the  wrasses  (for- 
merly known  as  the  Labridae),  Odacidae, 
and  the  parrotfishes  (Scaridae).  The  in- 
clusion of  the  odacids  and  scarids  in  the 
Labridae  reflects  the  monophyletic  na- 
ture of  the  assemblage  and  the  recency 
of  their  common  descent.  The  Labridae 
(including  "odacids"  and  "scarids")  can 
be  defined  as  follows:  1)  The  levator  pos- 
terior muscle  is  the  dominant  muscle  of 
the  lower  pharyngeal  jaw  forming  a  force 
couple  with  the  pharyngocleithralis  ex- 
ternus muscle  (Liem  and  Greenwood, 
1981);  2)  The  toothplates  of  the  fourth 
pharyngobranchials  are  absent  (Nelson, 
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1967b;  Stiassny,  1981);  3)  The  fourth  epi- 
branchials  are  highly  modified  and  of  a 
characteristic  form;  4)  The  adductor  bran- 
chiaHs  muscles  of  all  arches  are  hypertro- 
phied  (Fig.  53);  and  5)  There  is  some  form 
of  physical  contact  between  the  lower 
pharyngeal  jaw  and  the  cleithrum  (pha- 
ryngocleithral  joint  oi  Liem  and  Green- 
wood, 1981).  The  labrids  comprise  over 
70  genera  and  about  470  species,  and  play 
a  key  role  in  modern  tropical  luarine 
communities.  Many  labrids  cause  patchy 
disturbances  to  sessile  invertebrates 
(Kaufman  and  Liem,  1982)  and  represent 
a  principal  factor  regulating  food  abun- 
dance for  other  reef  organisms.  The  dis- 
proportionate role  of  labrids  in  determin- 
ing the  distribution  and  abundance  of 
benthic  organisms  in  tropical  marine  hard- 
bottom  communities  may  be  correlated 
with  the  specialized  lower  pharyngeal  jaw 
(LPJ)  which  is  functionally  versatile  in 
processing  a  broad  range  of  prey. 

In  the  phylogenetic  scheme  of  the  La- 
broidei  (Fig.  52),  the  Embiotocidae  and 
Labridae  are  considered  sister  groups  on 
the  basis  of  four  synapomorphies:  1)  The 
second  pharyngobranchial  toothplates  are 
absent  (G.  Nelson,  1967b;  Stiassny,  1981); 
2)  The  first  three  branchial  adductor  mus- 
cles cover  the  anterodorsal  surfaces  of  the 
epibranchials  (Stiassny,  1980);  3)  a  liga- 
ment connects  the  postmaxillary  process 
of  the  maxilla  with  the  anterior  border  of 
the  palatine  and  ectopterygoid  (Stiassny, 
1980);  and  4)  tooth  rows  are  arranged  ra- 
dially across  the  LPJ,  with  teeth  located 
directly  over  the  symphysis  between  left 
and  right  fifth  ceratobranchials. 

Other  Suborders.  The  Acanthuroidei, 
the  marine  surgeonfishes  (Acanthuridae) 
and  rabbi tfishes  (Siganidae),  is  often 
thought  to  form  the  link  between  the  more 
generalized  perciforms  and  the  Tetra- 
odontiformes.  Although  the  relationship 
between  acanthuroids  and  tetraodonti- 
forms  is  often  implied  (Winterbottom, 
1974b,  Tyler,  1980),  no  synapomorphies 
have  so  far  been  found.  Acanthuroids  all 
have   deepK    compressed  bodies,   large 


swimbladders,  and  pass  through  a  highly 
specialized  planktonic  acronurus  larval 
stage.  The  mesethmoid  bone  is  posi- 
tioned well  in  front  of  the  lateral  eth- 
moids  and  is  distinctl>'  separated  from  the 
vomer  by  a  forward  extension  of  the  para- 
sphenoid  (Starks,  1926).  Many  of  the  over 
85  species  of  acanthuroids  are  herbivo- 
rous and  feed  on  algae. 

The  Blennioidei,  which  includes  35 
faiuilies,  245  genera,  and  over  900  species 
(Springer,  1968,  1972;  Smith- Vaniz  and 
Springer,  1971)  is  most  likely  a  polyphy- 
letic  assemblage  (Gosline,  1968).  Accord- 
ing to  Bertin  and  Arambourg  (1958)  blen- 
nioids  can  be  distinguished  by  the  firm 
attachment  of  the  fin  rays  of  the  pectoral 
fin  to  the  hypertrophied  pterygiophores. 
Blennioids  have  elongate  bodies  with 
long  dorsal  and  anal  fins,  large  pectoral 
fins  and  small  pelvic  fins  placed  far  for- 
ward. Included  among  the  blennioids  are 
the  sandfishes  (Trichodontidae),  jawfish- 
es  (Opisthognathidae),  sandperches  (Mu- 
giloididae),  sanddivers  (Trichonotidae), 
venomous  weeverfishes  (Trachinidae), 
stargazers  (Uranoscopidae)  which  have 
very  venomous  spines  at  the  edge  of  the 
opercle  and  electric  organs  behind  the 
eyes,  sand  stargazers  (Dactyloscopidae), 
cod  icefishes  (Nototheniidae)  from  coast- 
al antarctic  waters  living  at  an  average 
temperature  of  —1.9°  G  and  using  a  gly- 
coprotein in  the  blood  as  antifreeze 
(DeVries  and  Wohlschlag,  1969),  croco- 
dile icefishes  (Chaenichth\idae)  which 
lack  hemoglobin  in  their  blood,  eelblen- 
nies  (Gongrogadidae),  snake  blennies 
(Ophiclinidae;  Springer,  1970),  threefin 
blennies  (Tripterygiidae),  clinids  (Glini- 
dae;  Stephens,  1963;  Springer,  1964), 
combtooth  blennies  (Blenniidae;  Spring- 
er 1968,  1972;  Springer  and  Smith-Vaniz 
1972;  Smith-Vaniz  and  Springer,  1971) 
comprising  over  275  species,  prickle- 
backs  (Stichaeidae;  Makushok,  1958),  and 
wolf  fishes  (Anarhichadidae).  Generally, 
blennioids  are  semisedentary  bottom 
forms  that  live  along  rocky  shores.  But 
the  sand-living  species  have  special  fea- 
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Figure  55.  Lateral  view  of  neurocranium,  suspensorium,  and  opercular  apparatus  in  a  representative  gobioid  Per- 
iophthalmus  (Modified  from  Gregory,  1933). 

Abbreviations:  SF,  the  large  foramen  in  the  suspensorium;  HM,  hyomandibula;  MD,  mandible;  MPT,  metapterygoid;  NC, 
neurocranium;  OP,  operculum;  P,  palatine;  PF,  lateral  ethmoid  complex;  POP,  preoperculum;  PT,  posttemporal;  0, 
quadrate;  SF,  foramen  in  suspensorium;  SOP,  suboperculum;  BY,  symplectic. 


tures  such  as  eyes  placed  on  the  top  of 
the  head,  and  their  upward-directed 
mouths  have  fringes,  or  flaplike  struc- 
tures thought  to  prevent  the  intake  of  sand 
with  the  respiratory  current  which  is  pro- 
duced by  a  dominant  opercular  suction 
pump. 

The  Gobioidei  is  another  extremely 
speciose  suborder  containing  7  families, 
235  genera  and  over  1,000  species.  Al- 
though monophyly  is  relatively  well  doc- 
umented, internal  classification  is  still 
chaotic  (Gosline,  1968).  Gobioids  are 
characterized  by  the  loss  of  the  parie- 
tals,  circumorbitals,  the  lateral  line,  and 
pyloric  caeca.  A  very  large  space  ("fora- 
men") is  located  in  the  center  of  the  sus- 
pensorium surrounded  by  the  two  arms 
of  the  quadrate  bone,  the  symplectic  and 


preoperculum  giving  the  gobioid  suspen- 
sorium a  very  characteristic  structural 
pattern  (Fig.  55).  Among  the  gobioids 
(Bohlke  and  Robbins,  1960,  1968;  Kou- 
mans,  1953)  are  the  sleepers  (Eleotridae), 
gobies  (Gobiidae),  which  is  the  largest 
family  of  marine  fishes  forming  together 
with  blenniids  and  clinids  the  dominant 
element  in  the  benthic  habitat  of  tropical 
reefs,  sand  gobies  (Kiaemeriidae),  eellike 
gobies  (Gobioididae),  burrowing  gobies 
(Trypauchenidae),  and  wonnfishes  (Mi- 
crodesmidae). 

The  marine  Stromateoidei  is  unques- 
tionably monophyletic  since  all  members 
have  very  specialized  toothed  saccular 
outgrowths  of  the  esophagus  (Haedrich, 
1967).  Stromateoids  comprise  6  families, 
15  genera  and  about  60  species  and  in- 
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elude  the  medusafishes  (Centrolophi- 
dae),  driftfishes  (Nomeidae),  squaretails 
(Tetragonuridae),  and  butterfishes  (Stro- 
mateidae). 

The  marine  Scombroidei  ineludes  the 
world's  fastest  swimming  fishes.  Scom- 
broids are  specialized  in  many  ways  for 
high  speed  swimming  (Gil^bs  and  Col- 
lette,  1966;  Fierstine  and  Walters,  1968). 
The  single  synapomorphy  is  the  highly 
modified  upper  jaw:  the  premaxillae  are 
not  only  united  with  each  other  but  also 
with  the  maxillae,  forming  a  rigid  non- 
protrusible  upper  jaw  which  can  become 
elongate  to  form  a  rostrum.  Scombroids 
comprise  6  families  with  36  genera  and 
over  90  species.  Included  are  the  snake 
mackerels  (Gemphylidae),  cutlassfishes 
(Trichiuridae),  mackerels  and  tunas 
(Scombridae;  Gibbs  and  Collette,  1966), 
swordfish  (Xiphiidae),  and  billfishes  (Is- 
tiophoridae)  (Gregory  and  Conrad,  1937, 
1943). 

Smaller  perciform  suborders  include 
the  following:  1)  The  Kurtoidei,  with  a 
single  genus.  These  forehead  brooders 
possess  hooks  developed  from  the  supra- 
occipital  bone  and  have  expanded  ribs 
fonning  a  bony  tube  enclosing  the  swim- 
bladder;  2)  The  burrowing  Ammodytoi- 
dei,  the  sand  lances,  with  elongate  bod- 
ies, protrusible  premaxillae  (Kayser, 
1962),  the  lower  jaw  projecting  forward 
beyond  the  upper  jaw,  and  neither  fin 
spines  nor  pelvic  fins;  3)  The  Callionym- 
oidei  (Kayser,  1962),  the  dragonets,  re- 
semble the  blennioid  trichodontids  in 
having  a  specialized  pectoral  fin  skeleton 
in  which  the  scapula  is  aligned  together 
with  the  pterygiophores  and  functions  as 
a  direct  articulation  for  the  top  three  pec- 
toral fin  rays  (Starks,  1923);  4)  The  elon- 
gate Mastacembeloidei,  the  spiny  eels, 
with  the  dorsal  fin  preceded  by  a  series 
of  isolated  spines  and  the  supracleithrimi 
attached  to  the  second  and  third  vertebra 
by  a  distinct  ligament  while  the  posttem- 
poral  is  absent.  The  premaxillae  are  firm- 
ly united  with  the  maxillae.  Travers  (per- 
sonal communication)  has  proposed  that 


the  mastacembeloids  are  more  closely  re- 
lated to  the  synbranchiforms  than  to  any 
other  teleost;  5)  The  Sphyraenoidei  en- 
compassing one  family,  the  Sphyraeni- 
dae  (barracudas;  de  Sylva,  1963),  with 
elongate  bodies  and  jutting  jaws  with 
strong  fanglike  teeth,  and  small  gill  rak- 
ers; 6)  The  Polynemoidei  (threadfins) 
with  a  subterminal  mouth;  and  7)  The 
Mugiloidei  (mullets),  in  which  the  oral 
dentition  is  often  reduced  and  the  pha- 
ryngeal jaw  apparatus  and  gill  rakers  are 
modified  to  form  a  filtering  device. 

The  Anabantoidei  comprise  five  fami- 
lies, 16  genera  and  about  70  species.  All 
anabantoids  have  accessory  air  breathing 
organs  and  possess  a  dual  respiratory 
strategy:  aquatic  and  aerial,  the  propor- 
tions of  each  depending  on  the  oxygen 
and  carbon  dioxide  content  of  the  water, 
and  the  pH  and  temperature  of  the  water. 
Anabantoids,  as  defined  here,  represent 
a  monophyletic  assemblage  (Fig.  56)  con- 
taining the  Anabantidae  (climbing  goura- 
mies),  Belontiidae  (gouramis,  bettas  and 
paradise  fishes),  Helostomatidae  (kissing 
gouramis),  Osphronemidae  (giant  goura- 
mis), and  the  Luciocephalidae  (pike- 
head).  Monophyly  is  based  on  the  follow- 
ing shared  derived  characters.  1)  The 
suprabranchial  air  chamber  is  clearly 
separated  from  the  buccopharyngeal  cav- 
ity, and  respiratory  air  is  confined  to  the 
suprabranchial  cavity  (Fig.  57;  Liem, 
1981).  Communication  between  the  buc- 
cophaiynx  and  suprabranchial  cavity  (Fig. 
58)  is  by  means  of  a)  a  pharyngeal  open- 
ing protected  by  a  valve  which  is  derived 
from  modified  gill  rakers  and/or  b)  a  bran- 
chial opening  located  between  the  first 
and  second  arches.  (In  the  Luciocephal- 
idae the  pharyngeal  opening  is  absent  and 
communication  between  suprabranchial 
cavity  and  buccopharynx  is  restricted  to 
the  branchial  opening.)  2)  The  principal 
organ  for  aerial  respiration  is  supported 
by  an  enlarged  and  modified  first  epi- 
branchial  bone.  3)  All  members  have  the 
swimbladder  extending  posteriorly  as  far 
as  the  parhypural.  4)  A  distinct  foramen 
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Figure  56.  Interrelationships  of  the  Anabantoidei  based  on  the  following  specialized  features:  1,  the  suprabranchial  air 
chamber  is  clearly  separated  from  the  buccopharyngeal  cavity  and  respiratory  air  is  confined  to  the  suprabranchial 
cavity;  2,  principal  organ  for  aerial  respiration  is  supported  by  an  enlarged  and  modified  first  epibranchial  bone;  3, 
swimbladder  extends  posteriorly  into  the  tail  as  far  as  the  parhypural  (Liem,  1967a);  4,  a  distinct  foramen  exoccipitale, 
covered  by  a  tympanumlike  membrane  is  present  in  the  exoccipital  bone;  5,  basioccipital  with  distinct  pharyngeal 
processes  (see  Liem,  1963,  Figs.  14-26,  and  40-50);  6,  parasphenoid  with  very  distinct  transverse  processes  (Liem,  1963, 
Figs.  40-42,  44);  7,  parasphenoid  with  prominent,  median  ventrally  directed  pharyngeal  process  (Liem,  1963,  Figs.  17, 
19-93);  8,  loss  of  the  ectopterygoid;  9,  median  gular  element  present  (Liem,  1967a);  10,  highly  specialized  premaxillae, 
lower  jaw,  and  jaw  protrusion  mechanism  (Lauder  and  Liem,  1981);  11,  dorsal  and  anal  spines  lost;  12,  no  pharyngeal 
opening  between  the  suprabranchial  and  buccopharyngeal  cavities,  and  a  specialized  second  adductor  branchialis 
muscle  running  in  the  posterior  margin  of  the  floor  of  the  suprabranchial  cavity;  13,  fifth  ceratobranchials  are  connected 
to  each  other  to  form  a  lower  pharyngeal  jaw,  which  bites  against  the  toothed  transverse  process  of  the  parasphenoid 
with  the  actions  of  the  levatores  posterior  and  extern!  muscles  (Liem  and  Greenwood,  1981);  14,  the  dentary  rotates 
freely  in  the  vertical  plane  around  the  articular;  15,  dentary  and  premaxillae  are  toothless;  16,  basibranchial  with  median, 
prominent,  vertical,  shelflike  processes;  17,  a  well-developed  rostral  fossa  extending  posteriorly  nearly  reaching  the 
level  of  the  posterior  border  of  the  orbit,  formed  by  the  ethmoid  and  frontals  (Liem,  1963,  Fig.  4). 


exoccipitale,  covered  with  a  tympanum- 
like membrane  overlying  the  sacculus,  is 
present  in  the  exoccipital  bone  (Liem, 
1963,  1967),  except  in  Helostoma  tem- 
mincki  and  Sandelia  capensis.  Within  the 
Anabantoidei  we  can  recognize  four  ma- 
jor clades,  each  of  which  is  defined  by 
major  specialized  characters  (Fig.  56).  The 
Luciocephalidae  (formerly  classified  as  a 
separate  order,  e.g.,  Liem,  1963,  or  as  a 
separate  suborder,  e.g.,  J.  Nelson,  1976) 
represents  a  very  specialized  monotypic 
clade  with  numerous  autapomorphic  fea- 
tures (see  Liem,  1967;  Lauder  and  Liem, 
1981;  and  Fig.  56).  The  Anabantidae,  He- 
lostomatidae,  Osphronemidae,  and  Be- 
lontiidae  possess  distinct  transverse  pro- 
cesses   of    the    basioccipital.    The 


Belontiidae  have  lost  the  ectopterygoid 
bone.  On  the  basis  of  the  characters  sum- 
marized in  Figure  56,  the  Anabantidae 
and  Helostomatidae  are  considered  sister 
groups,  and  so  are  the  Osphronemidae 
and  Belontiidae.  This  new  hypothesis  of 
the  interrelationships  of  the  Anabantoi- 
dei differs  significantly  from  that  pro- 
posed by  Liem  in  1963.  The  predominant 
mode  of  air  ventilation  in  Anabantoidei 
is  quadruphasic  (Peters,  1978;  Liem, 
1980):  First,  the  fish  rises  to  the  surface 
and  exhales  all  the  air  by  flushing  out  the 
entire  air  bubble  from  the  suprabranchial 
cavity  into  the  oropharynx  and  out  of  the 
mouth  (Fig.  58).  This  is  accomplished  by 
a  coughing-like  mechanism,  which  pro- 
duces a  reversed  water  current  entering 
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Figure  57.  Prints  of  selected  frames  of  x-ray  film  taken  at  50  frames/sec.  during  the  air  breath  in  the  anabantoid 
Helostoma  temmincki  (1),  the  channiform  Channa  striatus  (2),  and  the  synbranchiform  Monopterus  albus  (3),  to  show 
where  the  respiratory  air  is  stored  in  the  live  fish. 

Abbreviations:  b,  buccopharyngeal  cavity;  s  and  sac,  suprabranchial  chamber;  sb,  gas  bladder  (swimbladder). 


from  underneath  the  gill  cover  into  the 
suprabranchial  cavity  and  then  into  the 
buccopharynx  and  out  of  the  mouth.  Ex- 
halation is  followed  by  inhalation  during 
which  air  is  compressed  from  the  buc- 
copharynx into  the  suprabranchial  cavity 
via  the  pharyngeal  and  branchial  open- 
ings. This  pattern  is  foimd  in  all  adult  an- 
abantoids  except  Anahas,  which  venti- 
lates air  triphasicalh':  The  fish  rises  to  the 
surface  and  inhales  air  into  the  bucco- 
pharynx and  compresses  the  air  into  the 
suprabranchial  cavit>'  (Liem,  1980).  In  this 
way  "deoxygenated"  air  in  the  supra- 
branchial cavity  escapes  from  under- 
neath the  gill  cover  and  is  replaced  by 
fresh  air  (Liem,  1980;  Peters,  1978).  Adult 


Helostoma  is  capable  of  both  quadru- 
phasic  and  diphasic  patterns  of  air  ven- 
tilation. In  most  anabantoids  the  male 
builds  foam  nests  and  engages  in  parental 
care.  According  to  our  data  and  h\  poth- 
esis,  the  Channiformes  (Ophicephali- 
formes)  is  not  closely  related  to  the  An- 
abantoidei  (see  p.  178). 

The  Scorpaeniformes 

The  order  Scorpaeniformes  containing 
21  families,  over  250  genera  and  about 
1,000  species  can  be  defined  readily  by 
two  specializations:  1)  In  the  skull  a  pe- 
culiar bony  posterior  extension  of  the 
third  circumorbital   (suborbital,   infraor- 
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Figure  58.  Lateral  view  of  the  suprabranchia!  cavity  of  a  representative  anabantoid  fish  after  removal  of  the  side  of  the 
head.  Gills  and  "labyrinth  organ  "  have  been  removed.  Arrows  indicate  pathways  for  air  and  water.  Structure  over  oo  is 
a  thickening  of  the  operculum,  shown  here  separately  as  a  C-shaped  sausagelike  bulge.  This  bulge  can  be  pressed 
tautly  against  the  muscular  process  of  the  first  epibranchial  on  which  it  lies,  closing  the  opercular  opening  (oo).  (From 
Liem  |1980b],  courtesy  of  Plenum  Publishing  Co.) 

Abbreviations:  at,  atrium;  bo,  branchial  opening;  cb:„  fifth  ceratobranchial;  cd,  caudodorsal  compartment;  cv,  caudov- 
entral  compartment;  hy,  hyoid;  oo,  opercular  opening;  pg,  pectoral  girdle;  po,  pharyngeal  opening  in  floor  of  the 
suprabranchial  cavity. 


bital)  bone  extends  across  the  cheek  to 
contact  the  outer  surface  of  the  preoper- 
cuhuii  (Gutberlet,  1915;  Rendahl,  1933); 
2)  In  the  caudal  skeleton  two  platelike 
hypurals  are  sutured  to  the  terminal  half 
centrum.  In  general  the  scorpaeniform 
head  and  body  tend  to  be  spiny  or  bony- 
plated  as  a  result  of  hypertrophied  or  oth- 
erwise specialized  integumentary  ossifi- 
cations. The  phylogenetic  relationships 
of  the  scorpaeniforms  are  unknown  (Fig. 
50)  and  the  internal  classification  is  still 
chaotic  (Quast,  1965).  Provisionally,  we 
subdivide  the  scorpaeniforms  into  four 
suborders.  The  Scoipaenoidei,  which  re- 
mains ill  defined,  containing  among  oth- 
ers, the  Scorpaenidae  (rockfishes;  Esch- 
meyer,    1965,    1969;    Eschmeyer   and 


Collette,  1966)  with  venom  glands  in  the 
dorsal,  anal,  and  pelvic  spines  and  with 
internal  fertilization  as  the  dominant  re- 
productive mode.  The  family  contains 
about  60  genera  with  330  species.  The 
live-bearing  genus  Sebastes  is  the  largest 
family  with  about  100  species.  The  Syn- 
anceiidae  (stonefishes),  has  venom  glands 
near  the  base  of  hypodermiclike  dorsal 
fin  spines  and  the  neurotoxin  of  stone- 
fishes  is  the  most  deadly  of  fish  venoms 
(Halstead,  1970).  The  Triglidae  (sea  rob- 
ins), have  the  lower  two  or  three  pectoral 
rays  independent  and  greatly  elongated. 
The  Hexagrammoidei  (greenlings  and  sa- 
blefishes),  is  a  poorly  defined  taxon  and 
greenlings  constitute  the  richest  family 
endemic  to  the  North  Pacific.  The  Platy- 
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cephaloidei   (flatheads;    Matsubara  and  tions  of  the  skull  (Fig.  59)  in  order  to 

Ochiai,  1955)  have  a  very  depressed  head,  define  the  Channiformes  more  accurate- 

The  Hoplichthyidae  (ghost  flatheads)  and  ly.  Contrary  to  previous  accounts  (Day, 

Congiopodoidei  (pigfishes)  represent  two  1914;   Bhimachar,    1932;   Gregory,   1933; 

small  suborders  of  unknown  phyletic  sta-  Liem,  1963),  the  frontals  of  channiforms 

tus.  The  Cottoidei,  which  can  be  char-  do  not  articulate  with  the  parasphenoid 

acterized  by  the  loss  of  the  basisphenoid  (Fig.  59)  and  the  metapterygoid  (Fig.  59) 

bone,  contain,  among  others,  the  Cotti-  does  not  articulate  with  the  frontal  and 

dae   (sculpins,   Bolin,    1947;   Watanabe,  sphenotic.  The  channiforms  can  be  de- 

1960)  with  over  65  genera  with  about  300  fined  by  the  following  apomoiphies:   1) 

species,  Agonidae  (poachers),  and  Cy-  The  otic  bulla  for  the  sacculith  is  mostly 

clopteridae  (lumpfishes  and  snailfishes).  contained  in  the  prootic  bone  (Fig.  59). 

2)  The  metapterygoid  has  an  anterodor- 

^1 -f^ ^  //-i,.w,:^^^r,w^i:*^.rv,^,.\  o«^  sally   directed   prominent  uncinate   pro- 

Cnanniformes  (Ophiocepnaliformes)  and  i  .  i  i        .i  • 

Cw^K.^,,^i,:f^K.^^^  cess  which  approaches  the  neurocrani- 
Synbranchiformes  ,.  ri    ,  ,i  r  ..i  • 

um.  It  seems  that  the  presence  oi  this 

We  will  discuss  the  Channiformes  uncinate  process  of  the  metapteiygoid  has 
(snakeheads)  in  conjunction  with  the  led  to  the  misconception  that  an  articu- 
Synbranchiformes  (swamp  eels,  rice  eels),  lation  between  the  palatoquadrate  and 
in  order  to  emphasize  our  hypothesis  that  neurocranium  exists.  Actually  the  pro- 
the  two  orders  are  closely  related  to  each  cess  serves  as  an  attachment  of  a  strong, 
other.  Travers  (personal  communication)  flat  tendon  of  the  massive  levator  arcus 
has  put  forward  a  hypothesis  in  which  the  palatini  muscle.  The  process  is  more 
Mastacembeloidei  are  included  in  the  prominent  in  larger  specimens  but  does 
Synbranchiformes.  In  most  previous  clas-  not  achieve  physical  contact  with  the 
sifications  the  Channiformes  is  consid-  neurocranium.  3)  Two  ventral  aortae 
ered  to  be  closely  related  to  the  Anaban-  emerge  separately  from  the  bulbus  arter- 
toidei  on  the  basis  of  the  presence  of  a  iosus  (Ishimatsu  et  al.,  1979).  The  ante- 
modified  first  epibranchial  as  a  support  rior  ventral  aorta  supplies  the  first  and 
for  the  accessory  air  breathing  organ.  Here  second  branchial  arches,  while  the  pos- 
we  will  present  data  refuting  the  hypoth-  terior  ventral  aorta  gives  rise  to  the  third 
esis  that  the  Channiformes  is  a  sister  and  fourth  branchial  arches,  which  are  as- 
group  of  the  Anabantoidei  and  fomiulate  sociated  with  the  systemic  circulation.  4) 
a  competing  hypothesis  that  the  Chan-  The  accessory  air  breathing  organs  are  the 
niformes  are  closely  related  to  the  Syn-  buccopharyngeal  epithelium,  the  lining 
branchiformes.  First  we  will  define  the  of  the  suprabranchial  cavity,  and  the  res- 
Channiformes  and  Synbranchiformes  and  piratory  nodules  on  the  first  and  second 
then  discuss  the  relationships  of  the  two  epibranchials,  the  hyomandibula  and 
groups.  parasphenoid.  The  suprabranchial  cavity 

The  CJianniformes.  This  assemblage  is  in  open  communication  with  the  buc- 
contains  only  one  genus  Channel  (Ophi-  copharyngeal  cavity  (Liem,  1980b).  Con- 
cepJialus,  Ophiocephahis ;  Myers  and  sequently  air  is  present  in  both  the  buc- 
Shapovalov,  1931).  All  species  are  rela-  copharyngeal  and  suprabranchial  cavities 
tively  large  predaceous  fishes  (15  cm-1.2  (Fig.  57).  5)  The  first  epibranchial  is  a 
m)  with  elongate  bodies,  long  dorsal  and  greatly  expanded  plate,  which  is  not  fold- 
anal  fins  and  no  fin  spines.  They  are  ca-  ed,  and  is  suspended  by  a  very  small  first 
pable  of  breathing  air.  Because  many  in-  pharyngobranchial  bone  (Fig.  59). 
accuracies  concerning  the  cranial  osteol-  The  Synbranchiformes.  The  synbran- 
ogy  continue  to  be  repeated  in  recent  chiformes  (swampeels)  comprise  one 
literature,   we   present  several    illustra-  family,  the  Synbranchidae,  composed  of 
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Figure  59.  Osteology  of  the  skull  of  a  representative  Channiform,  Channa  striatus.  A.  Lateral  view  of  the  neurocranium. 
B.  Lateral  view  of  suspensory  and  opercular  apparatus.  C.  Ventrolateral  view  of  first  epibranchial  bone.  D.  dorsal  view 
of  gill  arches. 

Abbreviations:  BB,  basibranchial;  BOC,  basioccipital;  bs,  basisphenoid;  CB-„  fifth  ceratobranchial;  EB,_4,  epibranchials 
1-4;  ECT,  ectopterygoid;  ENT,  entopterygoid;  EO,  epiotic;  EOC,  exoccipital;  F,  frontal;  GR,  gill  raker  on  first  epibranchial 
bone;  HB,_3,  hypobranchials  1-3;  HM,  hyomandibula;  IC,  intercalary;  lOP,  interoperculum;  MPT,  metapterygoid;  N, 
nasal;  OP,  operculum;  P,  palatine;  PA,  parietal;  PB,.,,  pharyngobranchials  1-3;  PF,  lateral  ethmoid  complex;  PC,  proot- 
ic;  POP,  preoperculum;  PS,  parasphenoid;  PT,  posttemporal;  PTO,  pterotic;  Q,  quadrate;  S,  otic  bullae;  SOC,  supra- 
occipital;  SOP.  suboperculum;  SY,  symplectic;  T,,  toothplate  on  third  hypobranchial;  UP4,  upper  toothplate  of  fourth 
branchial  arch;  UPM,  uncinate  process  of  metapterygoid;  V,  vomer. 


4  genera  {Macrotrema,  Ophisternon, 
Synbranchus  and  Monopterus)  with  15 
species  (Rosen  and  Greenwood,  1976). 
Travers  (personal  communication)  in- 
cludes the  Mastacembeloidei  within  this 
order.  This  very  specialized  assemblage 
is  unquestionably  monophyletic  and 
shares  the  following  specializations:  Eel- 
shaped  fishes  without  pectoral  fins  in  the 
adults,  no  pelvic  fins  or  girdles  and  dorsal 
or  anal  fins.  The  gill  membranes  are 
united  and  continuous  around  the  isth- 
mus. In  the  uniquely  specialized  neuro- 
cranium  the   frontal   bones   are   turned 


down  and  sutured  to  the  basisphenoid 
(Rosen  and  Greenwood,  1976)  and  the 
large  parietals  meet  in  the  midline.  Syn- 
branchiforms  are  the  only  teleosts  with 
the  suspensorium  (palatoquadrate)  artic- 
ulating with  a  prominence  on  the  basi- 
sphenoid, frontal  or  both,  and  with  the 
vomer  and  lateral  ethmoids,  making  the 
jaw  suspension  "amphistylic."  The  an- 
terior and  posterior  nares  are  separated 
by  a  long  distance,  and  are  associated  with 
an  elongate  nasal  sac  containing  a  highly 
developed  nasal  rosette.  The  circulatory 
system  is  remarkably  specialized  (Liem, 
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1961;  Rosen  and  Greenwood,  1976)  with  ot  the  synbranchiforms  (Fig.  60).  Such  a 

a  complete  fourth  aortic  arch,  which  has  difference  can  be  correlated  with  the  fact 

important  functional   implications.   Most  that   channiforms   are   large-eyed  visual 

synbranchiforms   are    protogynous   her-  fishes,  while  synbranchiforms  have  dras- 

maphrodites  (Liem,  1968),  are  amphibi-  tically  reduced  vision.  2)  The  adductor 

ous   (Liem,    1967;   Johansen,   1966),   and  mandibulae   complex   is   specialized   in 

have   uniquely   modified   urinary   blad-  several  ways.  The  entire  complex  is  hy- 

ders,  which   may   function   in   the   reab-  pertrophied   (Fig.   61).    In    synbranchi- 

sorption  of  water  when  the  fish  is  on  land  forms  the  adductor  mandibulae  part  A,  is 

(Liem,  in  preparation).  The  larvae  of  some  no  longer  inserted  on  the  maxilla  and,  in- 

synbranchiforms  have  a  special  vascular  stead,  is  attached  to  the  mandible  (Van 

specialization  and  large  pectoral  fins  to  Conner,  1966;  Liem,  1980c).  However,  in 

exploit  the  oxygen-rich  surface  layer  by  the  most  primitive  synbranchiform,  Afa- 

creating  an  effective  counter  current  of  crotrema  caligan.s,  the  adductor  mandib- 

the  blood  stream  and  the  respiratory  cur-  ulae  part  Aj  is  still  inserted  on  the  maxilla 

rent  to  maximize  gas  exchange  (Liem,  by  means  of  a  tendon  on  the  lateral  sur- 

1981).   Thus   the   synbranchiforms   are  face  of  the  maxilla,  in  the  middle  of  the 

among  the   most  specialized   teleosts  ramus,  as  is  the  case  in  all  channiforms. 

known  in  terms  of  skull  structure,  respi-  Such  an  insertion  of  Aj  on  the  ramus  way 

ratory  and  vascular  design,  reproduction,  below  the  maxillaiy  head  and  halfway 

development,  and  ecology.  along  the  shaft  of  the  bone  is  a  specializa- 

Sijnhranchiform-Channiform    Rela-  tion   shared  with   all   channifonns   (Fig. 

tionships.  We  offer  a  hypothesis  that  the  61).  It  is  hypothesized  that  in  advanced 

Synbranchiformes  and  Channiformes  are  synbranchifomis  the  insertion  of  the  max- 

closely  related  to  each  other.  Sister  group  ilia  is  lost.  In  channifonns,  the  A,  is  also 

relationships  of  the  channiforms  and  syn-  associated  with  a  muscle  that  inserts  on 

branchiforms  (excluding  the  Alabetidae  the  mandible  (Fig.  61).  The  channifonns 

or  Cheilobranchidae,  which  are  Gobie-  and  synbranchifonns  also  share  a  special- 

socifonnes,  p.  156)  are  based  on  the  fol-  ization  of  the  adductor  mandibulae  part 

lowing  synapomorphies.  1)  The  brain  is  Ao,  which  occupies  the  most  anterior  posi- 

elongate  and  the  forebrain  is  character-  tion  just  behind  the  orbit,  and  completely 

isticalK'  modified  by  a  fusion  of  the  left  o\  erlies  other  muscles  (Fig.  61).  In  both 

and  right  hemispheres   in  the  posterior  groups,  the  fiber  direction,  topography, 

half  (van  der  Horst,  1918).  The  fusion  oc-  hypertrophy,  and  insertion  of  A2  on  tlie  as- 

curs  at  the  level  where  the  sulcus  ypsi-  cending  process  of  the  dentaiy  are  identi- 

lanti  stops.  Anterior  to  this  point  a  deep  cal.  Further  evidence  that  the  synbranchi- 

fissure   between    left  and   right  hemi-  fonns  and  channifonns  are  sister  groups  is 

spheres  is  present.  The  extensive  cross-  the  forward  position  of  the  orbits  and  the 

connection  (commissure)  of  the  posterior  modified   fointh  aortic  arch.   In   channi- 

halves  of  the  left  and  right  hemispheres  forms  and  the  primitive  Macrotrema  the 

of  the  forebrain  (Fig.  60)  is  a  highly  spe-  fourth  aortic  arch  is  composed  of  func- 

cialized   feature   occiuring   only   in   the  tionalK'  almost  continuous  afferent  and 

channiforms  and  synbranchiforms  among  efferent  branchial  arteries  which  are  con- 

teleosts   (van   der  Horst,    1918).   In   out-  nected  by  arterial  loops  (Ishimatsu  et  al., 

groups  the  left  and  right  hemispheres  of  1979).  In  advanced  synbranchiforms  the 

the  forebrain  are  separated.  In  general,  fourth  aortic  arch  is  structuralK  and  func- 

the  brains  of  channiforms  and  synbran-  tionally  one  continuous  \essel  responsi- 

chiforms    resend)le    each    other    \er\  ble  for  the  sxstemic  circulation.  Both  the 

closely,  except  that  the  optic  lobes  of  the  Channiformes   and   Sxnbranchiformes 

channiforms  are  much  larger  than  those  (except  for  Macrotrema)  use  the  bucco- 
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Figure  60.  Dorsal  views  of  the  brains  of:  A.  a  primitive  synbranchiform  Macrotrema  caligans.  B.  the  channiform  Channa 
striatus.  C.  the  gobiesociform  Alabes  dorsalis.  In  A  and  B  the  forebrains  are  specialized  in  having  the  left  and  right 
halves  coalesced  posteriorly,  while  in  C  the  primitive  state  of  completely  separated  forebrain  hemispheres  is  represented. 

Abbreviations:  CB,  cerebellum;  EP.  epiphysis;  FB,  forebrain;  MO,  medulla  oblongata;  OB,  olfactory  bulbs;  OL,  optic 
lobes;  SY,  sulcus  ypsilanti. 


pharyngeal  epithelium  and  the  linings  of 
outpocketings  of  the  buccopharynx  (e.g., 
Monopteriis  ciichia,  all  channiforms)  for 
gas  e.xchange  with  atmospheric  air.  These 
outpocketings  maintain  a  continuously 
open  communication  with  the  bucco- 
pharynx. 

Both  groups  have  enlarged  mesopter- 
ygoids  (or  entopterygoids).  In  channi- 
forms (Fig.  59)  the  large  mesopterygoid 
is  very  closely  associated  with  the  large 
toothed  palatine  and  the  small  toothless 
ectopterygoid.   Rosen   and   Greenwood 


(1976:  45-48)  imply  that  the  mesoptery- 
goid in  synbranchiforms  is  missing  and 
that  the  ectopterygoid  is  large  and 
toothed.  Such  an  interpretation  seems 
unlikely,  if  synbranchiforms  and  channi- 
forms are  sister  groups.  The  topographi- 
cal features  of  the  bone  in  the  synbran- 
chifonns  and  die  condition  of  the  element 
in  the  channiforms  indicate  that  the  bone 
in  synbranchiforms  is  an  enlarged  me- 
sopterygoid (as  in  channiforms).  The  ec- 
topterygoid is  present  as  a  small  toothless 
element  (Fig.  59).  The  olfactory  rosette 
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Figure  61.  Lateral  view  of  the  main  jaw  musculature  in:  A  and  B,  a  representative  channiform  (Channa  striatus);  C  and 
D,  a  primitive  synbranchiform  (Macrotrema  caligans).  A  and  C  show  the  superficial  musculature;  B  and  D  depict  the 
deep  jaw  musculature. 

Abbreviations:  AM,,  part  A1  of  the  adductor  mandibulae  complex;  AM.^,  part  A2  of  the  adductor  mandibulae  complex; 
AM3,  part  A3  of  the  adductor  mandibulae  complex;  BSR,  branchiostegal  ray;  DO,  dilator  operculi;  EP,  epaxial  muscle; 
lOP,  interoperculum;  LAP,  levator  arcus  palatini;  LIM,  interoperculomandibular  ligament;  LO,  levator  operculi;  MX, 
maxilla;  OP,  operculum;  POP,  preoperculum;  Q,  quadrate;  SOP,  suboperculum;  TA,  tendon  of  part  A,  of  the  adductor 
mandibulae  complex. 


in  both  groups  is  enlarged  and  has  under- 
gone complex  elaborations. 

The  synbranchiforms  differ  from  the 
channiforms  in  several  important  ways: 
Synbranchiforms  have  a  greatly  reduced 
levator  arcus  palatini  muscle,  which  is 
hypertrophied  in  channiforms  (Fig.  61). 
Synbranchiforms  have  an  ossified  inter- 
arcual  cartilage  while  channiforms  lack 
such  an  ossification,  but  have  an  expand- 
ed first  epibranchial  bone  (Fig.  59).  The 
heart  of  channiforms  is  located  near  the 
gill  arches  and  shows  a  generalized  struc- 
tural configuration,  while  in  synbranchi- 
forms the  heart  is  located  far  posteriorly 
(Liem,  1961),  and  its  structural  configu- 
ration deviates  significantly  from  that  of 
other  teleosts.  Finally,  channiforms  have 
a  large  swimbladder  with  a  distinct  cau- 


dal extension,  while  a  swimbladder  is 
lacking  in  synbranchiforms. 

The  channiforms  are  traditionally 
aligned  with  the  anabantoids  rather  than 
with  the  synbranchiforms.  Based  on  the 
above-mentioned  synapomorphies,  we 
hypothesize  that  channiforms  may  rep- 
resent the  plesiomorphic  sister  group  of 
the  synbranchiforms.  With  the  available 
evidence  we  have  not  been  able  to  estab- 
lish sister  group  relationships  of  the 
channiforms  with  the  anabantoids.  Re- 
cently, Travers  (1981)  has  described  the 
presence  of  an  ossified  interarcual  carti- 
lage in  the  Carapidae,  raising  the  ques- 
tion of  possible  synbranchiform-carapid 
relationships.  However,  the  forebrain,  the 
heart  and  aortic  arches,  the  adductor 
mandibulae  complex,  and  the  urogenital 
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anatomy  of  the  Carapidae  are  all  in  their 
primitive  state.  Thus,  carapid-synbran- 
chid  relationships  have  not  been  estab- 
lished. 


The  Tetraodontiformes 

This  order  dates  back  to  the  lower 
Eocene  and  is  also  known  as  the  Plectog- 
nathi.  It  comprises  about  320  species  of 
mostly  shallow  water,  circumtropical,  and 
subtropical  marine  fonns  (Tyler,  1980). 
Tetraodontiforms  are  morphologically 
much  more  diversified  than  the  great  ma- 
jority offish  groups  of  a  comparable  num- 
ber of  species.  They  range  from  22  mm 
and  30  g  to  2  m  and  1,000  kg,  from  rela- 
tively normal  shapes  to  strangely  spe- 
cialized forms  with  long  tubular  snouts 
and  aborted  caudal  regions,  from  scale- 
less  to  heavily  armored.  Because  tetra- 
odontiforms show  striking  examples  of 
extreme  reductive  evolution  and  repre- 
sent one  of  the  major  end  lines  of  the  te- 
leost  radiation,  the  group  is  of  consider- 
able biological  interest. 

The  tetraodontiforms  are  thought  to 
represent  a  monophyletic  assemblage 
based  on  the  following  characters  (Tyler, 
1980;  Fig.  62).  1)  The  entire  branchioste- 
gal  region  is  covered  by  a  thick  layer  of 
scaleless  or  scaled  skin,  2)  The  gill  open- 
ing is  greatly  restricted  and  does  not  ex- 
tend far  below  the  base  of  the  pectoral 
fin,  3)  All  members  have  lost  the  subor- 
bital (circumorbital)  bones,  parietals,  na- 
sals, sensory  canals  in  the  skull  bones, 
and  anal  fin  spines. 

Unfortunately  the  primitive  sister  group 
of  the  Tetraodontiformes  remains  un- 
known, although  preliminary  observa- 
tions (Patterson,  1964;  Tyler,  1968)  indi- 
cate that  it  is  the  Acanthuroidei  among 
the  Perciformes.  The  Balistidae,  Acan- 
thuroidei and  the  berciform  Phannacich- 
thyidae  (Patterson,  1964)  share  a  much 
elongate  preorbital  region  of  the  neuro- 
cranium  (as  long  as  the  lengths  of  the  or- 
bit and  postorbital  neurocranium  com- 
bined), a  ventrally  bent  parasphenoid  in 


front  of  the  orbit,  a  very  small  mouth,  a 
long,  strongly  inclined  suspensorium,  and 
a  very  long  and  slender  pelvic  girdle, 
which  ends  between  the  much  expanded 
coracoids.  Actually  it  has  been  suggested 
(Patterson,  1964)  that  because  adult  bal- 
istids  resemble  larval  acanthuroids,  they 
may  have  been  derived  from  acanthu- 
roids by  paedomorphosis.  The  phyloge- 
netic  scheme  of  the  Tetraodontiformes 
presented  here  (Fig.  62)  is  tentative 
(Winterbottom,  1974b;  Tyler,  1980)  and 
awaits  corroboration  by  the  combined 
studies  of  R.  Winterbottom  and  J.  C.  Ty- 
ler now  in  progress. 

The  Triacanthodidae  (spikefishes)  and 
Triacanthidae  (triplespines)  are  consid- 
ered sister  groups  of  the  lineage  called 
Sclerodermi.  The  pelvis  has  large  pelvic 
spines  which  can  be  locked,  and  the  fol- 
lowing pelvic  muscles  are  hypertro- 
phied:  arrector  dorsalis  pelvicus,  arrector 
ventralis  pelvicus,  and  adductor  superfi- 
cialis  pelvicus.  The  remaining  six  fami- 
lies share  the  single  levator  operculi  and 
a  distinct  medial  subdivision  of  the  ster- 
nohyoideus  muscle. 

The  Balistidae  (triggerfishes  and  file- 
fishes)  and  Ostraciidae  (Ostraciontidae; 
boxfishes,  trunkfishes  and  cowfishes)  rep- 
resent sister  groups  sharing  the  following 
specializations:  The  development  of  a 
deep  Ai  subdivision  of  the  adductor  man- 
dibulae  complex,  and  the  presence  of  a 
distinct  retractor  arcus  palatini  muscle 
(Winterbottom,  1974b).  Some  trunkfish 
produce  ostracitoxin,  which  will  kill  oth- 
er fishes  in  confined  quarters. 

The  Triodontidae  (three-toothed  puf- 
fer), the  lineage  representing  the  Tetra- 
odontidae  (puffers)  and  Diodontidae 
(porcupine  fishes),  and  the  Molidae  (mo- 
las)  are  tentatively  represented  by  an  un- 
resolved trichotomy.  All  share  the  follow- 
ing specializations:  1)  The  loss  of  the 
intermandibularis  and  sternobranchialis 
muscles;  2)  The  A,  part  of  the  adductor 
mandibulae  complex  acquires  an  attach- 
ment to  the  prefrontal  region  of  the  skull; 
and  3)  the  A2  part  of  the  adductor  man- 
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dihulae  complex  is  expanded  dorsalh  and 
medially  above  A3  to  inclnde  the  para- 
sphenoid  and  prootic  as  sites  of  origin. 
Each  lineage  of  the  luiresoKed  trichoto- 
my can  be  defined  bN'  svnapomorphies 
(Fig.  62). 

The  Pleuronectiformes 

The  flat  fishes  represent  a  very  spe- 
cialized assemblage  dating  back  to  the 
Eocene.  Pleuronectiformes  (Heteroso- 
mata)  contain  6  families,  over  500  species 
and  approximately  115  genera  (Norman, 
1934;  Hubbs,  1945;  Amaoka,  1969).  All 
flatfishes  are  benthic  and  carnivorous. 

The  coherence  of  the  pleuronectiforms 
as  a  monophyletic  entity  is  based  on  the 
asymmetrical  position  of  the  eye.  The 
condition  wherein  both  eyes  are  on  the 
same  side  of  the  head  is  clearly  a  derived 
one  relative  to  all  other  vertebrates  (Cha- 
banaud,  1936,  1938).  However,  the  posi- 
tion of  the  pleuronectiforms  in  relation  to 
other  major  fish  groups  and  the  phylo- 
genetic  relationships  within  the  order  are 
still  problematic. 

Here  we  offer  a  tentative  phylogenetic 
hypothesis  of  the  Pleuronectiformes  (Fig. 
63).  We  recognize  eight  families,  even 
though  their  delineation  is  often  unclear. 
The  most  primitive  family  is  the  Psettodi- 
dae,  with  one  genus  Psettodus  and  two 
species,  which  retain  the  primitive  char- 
acter of  the  dorsal  fin  not  extending  onto 
the  head  (Fig.  63).  No  specialized  char- 
acters set  this  family  aside  from  the  other 
seven. 

All  other  seven  families  share  the  spe- 
cialization of  the  loss  of  the  following 
structures:  palatine  teeth,  basihyal  teeth, 
dorsal  fin  spines,  and  anal  fin  spines;  the 
dorsal  fin  extends  onto  the  head  (Fig.  63). 
Among  this  lineage,  the  Citharidae  (cith- 
arids;  Hubbs,  1945)  is  the  most  primitive 
member  and  can  be  distinguished  by  the 
fact  that  the  anus  is  deflected  onto  the 
eyed  side.  In  the  remaining  six  families 
the  pelvic  spines  are  lost  (Fig.  63).  Of  the 
pelvic  spineless  members  the  Scophthal- 
midae  may  be  the  plesiomorphous  group 


since  the  other  five  families  are  further 
specialized  by  the  loss  of  vomerine  teeth 
and  having  the  branchiostegal  mem- 
branes fused  to  one  another  rather  than 
overlapping.  The  relationships  between 
the  Pleinonectidae  (righteyed  floimders; 
Norman,  1934)  and  the  Bothidae  (left- 
eyed  flounders;  Chabanaud,  1940)  are  still 
uncertain.  The  Rhombosoleidae  shares 
the  loss  of  a  postcleithrum  with  the  So- 
leidae  and  Cynoglossidae  (Fig.  63),  which 
are  considered  the  most  specialized 
members  of  the  Pleuronectiformes.  The 
Soleidae  (soles)  and  Cynoglossidae 
(tonguefishes,  tongue  soles;  Menon,  1977) 
are  considered  sister  groups  since  both 
groups  have  lost  their  ribs  and  have  the 
gill  covers  bound  to  one  another  across 
the  throat  by  a  thick  layer  of  tough  skin, 
which  covers  both  the  gill  covers  and  the 
throat  in  between.  Cynoglossids  (Cha- 
banaud, 1940)  have  pectoral  fins  without 
rays,  becoming  either  unsupported  mem- 
branous structures  or  lost  altogether. 

The  phylogenetic  interrelationships  as 
hypothesized  here  are  still  problematic 
since  they  are  based  mostly  on  reductive 
characters.  It  is  clear  that  further  studies 
are  needed  to  determine  the  phyletic  re- 
lationships of  the  members  of  the  Pleu- 
ronectiformes with  greater  confidence. 

CONCLUSIONS 

In  this  paper  we  have  attempted  to 
summarize  current  knowledge  of  the  in- 
terrelationships of  the  ray-finned  fishes. 
After  more  than  a  century  of  intensive 
study  many  of  the  major  actinopterygian 
taxa  remain  poorly  delimited  and  several 
cannot  be  defined  by  any  uniquely  de- 
rived characters  (e.g.,  the  Percomorpha). 
In  providing  a  critical  review  of  certain 
key  aspects  of  actinopterygian  evolution 
we  have  sought  also  to  point  out  those 
areas  where  future  research  is  badly 
needed.  Above  all,  we  consider  that  char- 
acters and  their  distributions  must  be  the 
focus  of  a  research  program  in  actinopte- 
rygian phylogeny  if  progress  is  to  be 
made.  Theories  of  ancestry  and  descent. 
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specialization,  trends,  "adaptive"  radia- 
tion, and  patterns  of  functional  evolution 
shoidd  be  founded  on  a  corroborated  set 
of  statements  about  phylogenetic  pat- 
terns of  structural  features.  The  emphasis 
on  theories  of  process  and  evolutionary 
transformation,  for  example,  has  obfus- 
cated the  analysis  of  tetrapod  origins 
throughout  this  century  (Patterson,  1980; 
Rosen  et  ciL,  1981). 

If  progress  in  this  decade  continues  at 
the  rapid  pace  with  which  problems  in 
ray-finned  fish  evolution  have  been 
solved  in  recent  years,  actinopterygians 
will  soon  be  a  model  group  for  the  anal- 
ysis of  evolutionary  patterns  and  process- 
es. 
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Abstr.'^CT.  Multituberculates  are  an  extinct  order 
of  nontherian  mammals  commonly  represented  by 
teeth  in  late  Mesozoic  and  early  Tertiary  terrestrial 
deposits.  They  are  generally  regarded  as  the  first 
major  mammalian  group  to  have  been  predomi- 
nantly herbivorous.  The  dentition  of  multitubercu- 
lates is  well  known,  but  studies  of  their  skeletons  have 
been  limited  by  the  rarit\  of  associated  remains.  In 
this  study  we  describe  a  postcranial  skeleton  of  Ptil- 
odus  kummae,  the  most  complete  known  for  a  North 
American  multituberculate.  In  addition,  we  review 
other  North  American  multituberculate  postcranial 
materials  in  an  effort  to  identify  the  major  structural 
and  functional  characteristics  of  the  group. 

Despite  their  diversity  in  size  and  in  dental  spe- 
cializations, multituberculates  as  far  as  known  exhib- 
it little  variability  in  their  postcranial  skeleton.  This 
conclusion  is  based  on  a  comparison  of  the  specimens 
of  Ptilodtis  with  material  representing  or  referable 
to  the  following  genera:  Catopsalis,  Cimexomys, 
Cimolodon,  Ectypodus,  Eiicosmodon,  Meniscoes- 
siis,  Mesodma,  Stygimys,  and  Taeniolabis. 

Multituberculates  possess  a  number  of  unusual  and 
even  unique  postcranial  features.  These  include  a 
scapulocoracoid  with  a  reduced  coracoid  but  without 
a  supraspinous  fossa,  an  enlarged  prepollex,  a  dor- 
sally  emarginate  acetabulum,  a  postobturator  fora- 
men within  the  ischiopubic  symphysis,  a  large  para- 
fibula, a  slender,  ventrally  directed  lateral  flange  on 
the  proximal  end  of  the  fibula,  a  deep  excavation 
posteriorly  beneath  the  proximal  articular  surface  of 
the  tibia,  a  specialized  tarsal  structure  (particularly 
that  of  the  astragalus  and  calcaneum),  and  thoracic 
centra  with  the  anterior  epiphysial  surface  recessed 
ventrally  and  bulbous  dorsally. 

Ptilodus  and  Eiicosmodon,  the  only  two  genera 
for  which  articulated  foot  bones  are  known,  possess 
distinctive  tarsal  adaptations  for  a  range  of  pedal 
mobility  (especially  abduction)  characteristic  of  ar- 
boreal mammals  that  descend  trees  headfirst.   The 
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hallux  is  divergent,  and  the  entocuneiform-metatar- 
sal  I  joint  permitted  considerable  hallucal  abduction 
and  adduction  for  prehension  in  a  plane  independent 
of  the  remaining  digits.  The  long,  robust  tail  of  Ptil- 
odus  possessed  musculoskeletal  features  that,  in  mod- 
ern mammals,  are  present  in  prehensile-tailed  forms. 
We  conclude  that  at  least  some  multituberculates 
were  arboreal. 

INTRODUCTION 

Multituberculates  are  an  extinct  group 
of  nontherian  mammals  that  have  been 
recovered  from  North  America,  Europe, 
and  Asia,  and  whose  known  range  in  geo- 
logic history  extends  from  the  Late  Juras- 
sic to  the  Oligocene  (or  possibly  from  the 
Late  Triassic,  if  the  Haramiyidae  are  mul- 
tituberculates [Hahn,  1973]).  Although 
multituberculate  teeth  are  common  in 
Late  Cretaceous  and  Paleocene  local  fau- 
nas of  North  America,  jaws  and  especially 
skulls  are  rare.  Postcranial  bones  are  also 
relatively  rare,  and  the  postcranial  struc- 
ture of  multituberculates  is  therefore  not 
well  understood. 

Several  partial  skeletons  and  isolated 
postcranial  bones  of  multituberculates 
have  been  described  within  the  past  cen- 
tury. In  1973  a  well-preserved  and  nearly 
complete  skeleton  of  Ptilodus  kummae 
was  discovered  in  the  Paleocene  Ravens- 
crag  Formation  of  Saskatchewan,  a  dis- 
covery that  provided  the  impetus  for  this 
study  of  the  postcranial  skeleton  of  North 
American  multituberculates.  Our  descrip- 
tion centers  largely  on  the  specimen  of  P. 
kummae  because  of  its  unusual  complete- 
ness. We  have  also  reviewed  previously 
published  specimens,  as  well  as  additional 
multituberculate  elements  (some  of  which 
are  of  uncertain  generic  or  specific  iden- 
tity) in  order  to  provide  a  comprehensive 
account  and  a  basis  for  assessing  postural, 
locomotor,  and  other  adaptations. 


PREVIOUS  WORK  ON 
MULTITUBERCULATE  POSTCRANIAL 
SKELETONS 

Multituberculate  postcranial  bones  are 
at  present  known  only  from  North  Amer- 


ica and  Asia.  A  synopsis  of  published  work 
is  given  below. 

North  America 

In  1909  Gidley  reported  the  discovery 
of  an  incomplete  skeleton  associated  with 
the  skull  and  lower  jaws  of  Ptilodus  mon- 
tanus  from  the  middle  Paleocene  of  Mon- 
tana. Preserved  were  a  nearly  complete 
cervical  vertebra  and  some  fragmentary 
caudal  vertebrae,  and  parts  of  a  humerus, 
radius,  ulna,  femur,  tibia,  fibula,  pelvis, 
metapodials,  and  an  ungual  phalanx.  On 
the  basis  of  this  material,  Simpson  (1926) 
attempted  a  reconstruction  of  multituber- 
culate locomotor  and  feeding  habits,  and 
Jerison  (1973)  provided  estimates  of  the 
body  length  and  weight  of  Ptilodus  (which 
have  been  criticized  by  Radinsky  [1975]). 
A  well-preserved  specimen  of  the  hind 
limbs  and  pelvis  of  an  undetermined 
species  of  Eucosmodon  was  recovered 
from  early  Paleocene  deposits  in  New 
Mexico  and  was  referred  to  in  several  re- 
ports (Granger,  in  Broom,  1914;  Granger, 
1915;  Simpson,  1928a).  Simpson  and  Lift- 
man (1928)  reconstructed  the  hind  limb 
and  pelvic  musculature  and  made  infer- 
ences concerning  the  habits  of  Eucosmo- 
don. Granger  and  Simpson  (1929)  added 
a  detailed  osteological  description  of  the 
specimen.  Simpson  (1937a)  briefly  com- 
pared the  postcranial  osteology  of  Ptilo- 
dus and  Eucosmodon. 

The  less  complete  skeletons  and  isolated 
bones  of  North  American  multitubercu- 
lates that  have  been  described  are: 
1)  Cope  (1882a):  an  astragalus  and  cau- 
dal vertebrae  of  Taeniolabis  taoensis. 
The  astragalus,  redescribed  and  fig- 
ured by  Cope  in  1884a,  was  later 
shown  by  Matthew  (1937)  to  proba- 
bly belong  to  a  condylarth  (it  is,  at 
least,  undoubtedlv  therian).  Cope 
(1884a:  pi.  XXIIIc,  figs.  3  and  4; 
1884b:  fig.  4b,c)  also  described  and 
figured  a  humerus  and  ulna  of  T. 
taoensis.  The  ulna  exhibits  an  artic- 
ulation of  the  condv  lar  type  possessed 
by  multituberculates  (Jenkins,  1973). 
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Sloan  (1981:  158),  however,  is  of  the 
opinion  that  the  humeral  fragments 
"are  from  some  indeterminate  pla- 
cental mammal." 

2)  Cope  (1882b):  the  distal  extremity  of 
a  humerus  of  Meniscoessiis  conquis- 
tus  (figured  by  Cope,  1884b:  fig.  7g; 
1888:  fig.  9g).' 

3)  Marsh  (1889):  a  scapulocoracoid,  the 
type  of  Camptomus  ampins,  together 
with  an  interclavicle,  astragalus,  and 
calcaneum  provisionally  referred  to 
the  same  taxon.  Serious  doubts  have 
been  raised  about  the  association  and 
identification  of  these  specimens 
(Simpson,  1928a,b;  McKenna,  1961). 
Although  McKenna  (1961)  accepted 
the  astragalus  and  calcaneum  as  being 
those  of  a  multituberculate,  he  re- 
garded the  interclavicle  as  problem- 
atical and  provisionally  referred  the 
scapulocoracoid,  the  type  specimen, 
to  the  Marsupialia. 

Marsh  (1889)  also  figured  the  distal 
end  of  a  humerus  of  '^Dipriodon  hin- 
atus,"  a  left  semilunar,  probably  of 
"Dipriodon'  robustus,  and  the  prox- 
imal end  of  a  femur  of  '^Halodon 
sculptus."  All  three  species  are  now 
referred  to  Meniscoessus  robustus  (see 
Clemens,  1963).  The  humerus  and  fe- 
mur are  undoubtedly  from  a  multi- 
tuberculate; the  semilunar  does  not 
resemble  the  bone  tentatively  identi- 
fied as  a  semilunar  of  Ptilodus  kum- 
mae. 

4)  Granger  and  Simpson  (1929):  several 
skeletal  fragments  of  Stygimys  teil- 
hardi  including  fragments  of  both  ul- 
nae and  femora,  the  right  humerus 
and  ilium,  the  left  tibia,  a  phalanx, 
and  thoracic,  sacral,  and  caudal  ver- 
tebrae. 

5)  Simpson  (1937b:  737):  "Skull  .  .  .  with 
associated  femur,  ulna,  and  some  oth- 
er fragments"  of  Ptilodus  montanus. 
The  postcranial  remains  include  left 
and  right  femora,  a  lumbar  vertebra, 
a  proximal  fragment  of  a  phalanx,  and 
the  distal  end  of  a  left  humerus;  no 
ulna  is  present.  The  femora  are  defi- 


nitely those  of  a  multituberculate,  the 
phalangeal  fragment  is  much  too  large 
to  belong  to  the  same  individual,  and 
the  humeral  fragment,  as  Deischl 
(1964)  previously  noted,  belongs  to  a 
therian. 

6)  McKenna  (1961):  two  partial  scapu- 
locoracoids  from  the  Upper  Creta- 
ceous Lance  Formation  of  Wyoming, 
designated  as  "Lance  Type  1"  and 
"Lance  Type  2."  Clemens  (1963)  pro- 
visionally allocated  the  Lance  Type  1 
and  Type  2  scapulocoracoids  on  the 
basis  of  size  and  frequency  to  Mesod- 
ma  formosa  and  Ciniolodon  nitidus, 
respectively. 

7)  Deischl  (1964):  Scapulocoracoids,  hu- 
meri, ulnae,  radii,  pelves,  femora,  tib- 
iae, calcanea,  and  astragali  from  the 
Upper  Cretaceous  Bug  Creek  Anthills 
locality.  Hell  Creek  Formation,  Mon- 
tana; these  bones  were  variously  as- 
signed, on  the  basis  of  size  and  fre- 
quency data,  to  Mesodma  thompsoni, 
Mesodma  formosa,  Cimexomys  mi- 
nor, Cimolodon  nitidus,  Stygimys 
kuszmauli,  and  Catopsalis  joyneri. 
Sloan  and  Van  Valen  (1965)  recon- 
structed the  skeleton  of  Mesodma 
thompsoni. 

8)  Sahni  (1972):  calcaneum  and  frag- 
mentary humerus  and  femur  of  ?Me- 
sodma  primaeva  and  calcaneum  of 
Meniscoessus  major. 

9)  Jenkins  (1973):  a  left  ulna  (unidenti- 
fied) and  a  right  humerus  referred  to 
? Catopsalis,  both  from  the  Bug  Creek 
Anthills  locality. 

10)  Jenkins  and  Weijs  (1979):  a  composite 
reconstruction  of  an  unidentified 
multituberculate  scapulocoracoid 
from  the  Bug  Creek  Anthills  locality. 

11)  Krause  and  Baird  (1979):  left  femoral 
fragment  of  an  unidentified  multitu- 
berculate from  the  Mount  Laurel 
Formation,  New  Jersey. 

Asia 

References  to  published  work  on  Asiat- 
ic  multituberculate   postcranial   material 
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Figure  1.     Left  side  of  postcranial  skeleton  of  Ptilodus  kummae  (UA  9001).  A  key  to  stereophotographs  of  specific  regions  is 
shown.  '  1.28. 


are  included  in  this  study  because  these 
materials  offer  additional  and  important 
insights. 

Simpson  (1928c:  9)  described  "several 
associated  foot  bones,  five  fragmentary 
vertebrae,  the  lower  end  of  a  scapula,  a 
large  part  of  a  humerus,  ribs  and  several 
other  fragments"  associated  with  the  type 
skull  of  Djadochtatherium  matthewi 
(AMNH  20440)  from  the  Upper  Creta- 
ceous Djadokhta  Formation  of  Mongolia. 
Djadochtatherium  Simpson,  1925  is  now 
considered  to  be  a  junior  synonym  of  Ca- 
topsalis  Cope,  18S2c  (Kielan-Jaworowska 
and  Sloan,  1979).  McKenna  (1961)  rede- 
scribed  the  fragmentary  scapulocoracoid 


in    his    review    of 
shoulder  girdle. 


the    multituberculate 


Recent  discoveries  by  the  Polish-Mon- 
golian Palaeontological  Expeditions  to 
Mongolia  include  postcranial  materials  of 
at  least  four  species  of  multituberculates 
from  the  Upper  Cretaceous  Djadokhta  and 
Barun  Goyot  formations:  a  nearly  com- 
plete skeleton  of  Chulsanbaatar  vulgaris 
and  partial  skeletons  of  Kryptobaatar 
dashzevegi,  Nemegtbaatar  gobiensis,  and 
Sloanbaatar  mirabilis  (Kielan-Jaworow- 
ska, 1970,  1974;  Clemens  and  Kielan-Ja- 
worowska, 1979).  With  the  exception  of 
accounts  of  the  pelvis  in  K.  dashzevegi 
(Kielan-Jaworowska,  1969,  1979)  and  the 
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Figure  2.     Right  side  of  postcranial  skeleton  of  Ptilodus  kummae  (UA  9001).  A  key  to  stereophotographs  of  specific  regions  is 
shown.  X  1.28. 


partial  humeri  and  left  ulna  of  Tugrig- 
baatar  saichanensis  from  the  Toogreeg 
beds  (Kielan-Jaworowska  and  Dashzeveg, 
1978),  the  material  is  as  yet  unpublished. 
However,  Clemens  and  Kielan-Jaworow- 
ska (1979)  provided  some  information  on 
the  Mongolian  forms  (studied  by  Kielan- 
Jaworowska)  in  their  brief  review  of  the 
multituberculate  postcranial  skeleton.  The 
specimen  of  T.  saichanensis  is  housed  in 
the  Institute  of  Geology  of  the  Mongolian 
Academy  of  Sciences  in  Ulan  Bator;  all  of 
the  rest  of  this  important  Asiatic  material 
is  in  the  Institute  of  Paleobiology  (Zaklad 
Paleobiologii)  of  the  Polish  Academy  of 
Sciences  in  Warsaw. 


ABBREVIATIONS 

Abbreviations  used   for  the   names  of 
museums: 

AMNH — American  Museum  of  Natural 
History,  New  York 

MCZ — Museum  of  Comparative  Zoology, 
Harvard  University,  Cambridge,  Mas- 
sachusetts 

PU — Princeton  University  Museum, 
Princeton,  New  Jersey 

UA — University  of  Alberta,  Edmonton, 
Alberta 

UCMP — Museum  of  Paleontology,  Uni- 
versity of  California,  Berkeley,  Califor- 
nia 
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Figure  3.    Stereophotographs  of  anterior  portion  of  left  side  of  postcranial  skeleton  of  Ptilodus  kummae  (UA  9001).  The  area 
referenced  to  Figure  16  contains  the  ?right  carpus.  >  1.25. 

Abbreviations:  Cd20,  ?twentieth  caudal  vertebra;  L1,  presumed  first  lumbar  vertebra. 


UM — University  of  Michigan  Museum  of 
Paleontology,  Ann  Arbor,  Michigan 

UMVP — University  of  Minnesota,  Min- 
neapolis, Minnesota 

USNM — United  States  National  Museum, 
Washington,  D.C. 

YPM — Peabody  Museum  of  Natural  His- 
tory, Yale  University,  New  Haven,  Con- 
necticut 

MATERIALS 

Type  Specimen  of  ptilodus  kummae 
(UA  9001) 

This  specimen  was  discovered  at  a  late 
Paleocene  (Tiffanian)  locality  (UAR2g;  see 
Krause,  1977)  in  the  Ravenscrag  Forma- 
tion of  Saskatchewan.  Prior  to  discovery, 
the  skull,  both  lower  jaws,  several  anterior 
vertebrae,  the  pectoral  girdle,  most  of  the 
forelimbs,  and  some  caudal  vertebrae  had 
eroded  from  the  rock.  Fragments  of  these 


elements  were  recovered  by  surface  col- 
lecting and  by  washing  and  screening  the 
surrounding  matrix.  The  fragments  thus 
obtained  include  several  teeth  (left  Ii  and 
P^;  right  P,,  M,,  and  P-'^),  the  distal  end 
of  the  right  scapulocoracoid,  fragments  of 
the  right  humerus,  proximal  parts  of  both 
radii,  a  proximal  segment  of  the  right  ulna, 
ten  manual  phalanges,  and  three  caudal 
vertebrae.  Association  of  these  isolated 
elements  with  the  articulated  specimen  is 
confidently  established  by  the  close  prox- 
imity in  which  they  were  found,  the  vir- 
tual absence  of  bone  in  the  immediately 
adjacent  area,  the  anatomical  correspon- 
dence to  known  allotherian  skeletal  ele- 
ments (especially  those  of  Ptilodus  mon- 
taniis  described  by  Gidley  [1909]),  the 
absence  of  duplication  of  individual  bones, 
and  the  close  fit  of  some  complex  articular 
surfaces  (for  example,  the  humerus  and 
ulna). 
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Figure  4.     Stereophotographs  of  central  portion  of  left  side  of  postcranial  skeleton  of  Ptilodus  kummae  (UA  9001).  For  details 
of  the  right  tarsal  bones,  see  Figure  27B.  x  1.25. 

Abbreviations:  I,  left;  r.  right;  ast,  astragalus;  cal,  calcaneum;  Cd8,  eighth  caudal  vertebra;  fern,  femur;  fib,  fibula;  L1,  presumed 
first  lumbar  vertebra;  m  pfial,  manual  phalanges;  met  V,  fifth  metatarsal;  p  plial,  pedal  phalanges;  tib,  tibia. 


The  specimen  as  preserved  in  situ  lay 
on  its  right  side.  This  side  was  prepared 
first,  and  then  covered  with  a  white  mold- 
making  rubber  (Silastic  A  RTV,  Dow 
Corning  Corp.).  The  specimen  was  then 
inverted  and  the  left  side  prepared,  a  mold 
made,  and  finally  embedded  in  clear  Bio- 
plastic  (Ward's  Natural  Science  Establish- 
ment, Inc.).  This  technique  firmly  secured 
the  fragile,  delicate  bones  and  permits  ob- 
servation of  both  sides  of  the  specimen. 
During  preparation,  the  following  bones 
were  removed  because  they  prevented  ex- 
posure of  critical  areas  of  the  skeleton:  left 
calcaneum,  left  ectocuneiform,  left  meta- 
tarsal V,  three  phalanges  of  the  left  pes,  a 
parafibula,  and  several  smaller  fragments, 
primarily  pedal  sesamoids. 

The  articulated  portion  of  the  skeleton 


is  virtually  complete  posterior  to  the  an- 
terior part  of  the  rib  cage  (Figs.  1-8).  The 
only  portions  of  the  pectoral  limbs  re- 
maining intact  are  a  poorly  preserved  dis- 
tal segment  of  the  Pright  ?radius,  most  of 
the  ?right  carpus  (with  attached  metacar- 
pal and  complete  digit  I,  and  the  proximal 
portion  of  metacarpal  II),  and  some  mid- 
dle and  distal  phalanges  of  the  ?left  ma- 
nus.  The  long  tail  had  curled  around  the 
anterior  part  of  the  body.  A  middle  seg- 
ment of  the  tail,  containing  approximately 
eight  vertebrae,  had  weathered  out  prior 
to  discovery. 

Other  Material 

All   known   articulated   postcranial   re- 
mains as  well  as  various  disarticulated  and 


206         Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  4 


h  sp 


Figure  5.     Stereophotographs  of  posterior  portion  of  left  side  of  postcranial  skeleton  of  Ptilodus  kummae  (UA  9001).  x1 ,25. 

Abbreviations:  I,  left:  r.  right;  Cdl.  Cd7,  first  and  seventh  caudal  vertebrae;  epi,  epipubic  bone;  fern,  femur;  fib,  fibula;  h  sp, 
haemal  spine;  isc,  ischium;  L6,  sixth  lumbar  vertebra;  paf  parafibula;  pob,  postobturator  foramen;  S4,  fourth  sacral  vertebra; 
tib,  tibia. 


fragmentary  bones  of  North  American 
multituberculates  were  studied.  These 
were  used  primarily  to  describe  features 
that  are  poorly  preserved  or  missing  in  the 
specimen  of  P.  kummae  (UA  9001).  This 
procedure,  however,  does  not  imply  that 
the  postcranial  elements  of  different  mul- 
tituberculate  taxa  were  identical  in  everv 
detail;  rather,  it  provides  an  outline  of  ba- 
sic features,  at  least  for  ptilodontoids  and 
taeniolabidoids.  On  present  evidence, 
structural  variability  among  ptilodontoid 
and  taeniolabidoid  postcranial  bones  is  not 
so  great  as  to  diminish  the  utility  of  de- 
scribing and  making  functional  interpre- 
tations of  a  basic  plan. 

Definite  generic  and  specific  assign- 
ments of  postcranial  elements  are  possible 
only  on  the  basis  of  associated  dental  ma- 
terial. Accordingly,  we  preface  with  a 
question  mark  all  taxonomic  allocations  of 
isolated  elements  or  partial  skeletons  that 


lack  dental  remains.  Materials  of  the  fol- 
lowing taxa,  grouped  according  to  locali- 
ty, were  available  for  this  study: 

1)  Irvine  locality.  Late  Cretaceous  (Ju- 
dithian),  Judith  River  Formation,  Al- 
berta. Isolated  elements  (UA  collec- 
tions) not  assigned  to  specific  taxa. 

2)  Clambank  Hollow  locality.  Late  Cre- 
taceous (Judithian),  Judith  River  For- 
mation, Montana.  Isolated  elements 
(AMNH  collections)  assigned  by  Sahni 
(1972)  to  ?Mesodma  primaeva  and 
Meniscoessus  major. 

3)  Upper  Hop  Brook  locality.  Late  Cre- 
taceous, Mount  Laurel  Formation, 
New  Jersey.  Isolated  femoral  frag- 
ment (PU  21451)  of  an  unidentified 
multituberculate  (Krause  and  Baird, 
1979). 

4)  Lull  2  Quarry  (UCMP  locality  V- 
5620)  and  localities  of  uncertain  lo- 
cation (Marsh,  1889;  McKenna,  1961), 
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Figure  6.     Stereophotographs  of  anterior  portion  of  right  side  of  postcranial  skeleton  of  Ptilodus  kummae  (UA  9001).  x  1 .25. 
Abbreviations:  ?r  carp.  ?right  carpus;  Cd20.  ?twentieth  caudal  vertebra;  LI.  presumed  first  lumbar  vertebra. 


Late  Cretaceous  (Lancian),  Lance 
Formation,  Wyoming.  Isolated  ele- 
ments in  AMNH  and  YPM  collections 
tentatively  allocated  to  Mesodma  for- 
mosa,  Cimolodon  nitidus,  and  Men- 
iscoessiis  robustus  (Clemens,  1963). 

5)  Type  locality  of  Meniscoessus  con- 
quistus,  Late  Cretaceous  (Lancian), 
"Laramie  Formation,"  South  Dakota. 
Humeral  fragment  (AMNH  3011a)  of 
Meniscoessus  conquistus  (Cope, 
1882b). 

6)  Bug  Creek  Anthills  locality,  Late  Cre- 
taceous (Lancian),  Hell  Creek  For- 
mation, Montana.  Many  isolated  ele- 
ments in  AMNH,  MCZ,  UA,  UCMP, 
and  UMVP  collections.  The  UMVP 
collections  include  bones  referred  to 
Mesodma  thotnpsoni,  Mesodma  for- 
m.osa,  Cimexomys  minor,  Cimolodon 
nitidus,  Stygimys  kuszmanli,  and 
Catopsalis  joyneri  by  Deischl  (1964). 
In  a  study  of  intrageneric  variation  of 


Mesodma,  Novacek  and  Clemens 
(1977)  found  that  M.  thompsoni  and 
M.  formosa  at  the  Bug  Creek  Anthills 
locality  could  not  be  distinguished  on 
the  basis  of  dentitions;  our  referrals  of 
postcranial  elements  to  this  taxon  are 
therefore  designated  as  ?Mesodma  sp. 

7)  Mantua  Quarry,  early  Paleocene 
(Puercan),  Fort  Union  Formation, 
Wyoming.  Isolated  calcaneum  (PU 
14487)  of  an  unidentified  multituber- 
culate. 

8)  Uncertain  locality  in  San  Juan  Basin, 
early  Paleocene  (Puercan),  Naci- 
miento  Formation,  New  Mexico.  Ul- 
nar fragment  (AMNH  3036)  of  ?Tae- 
niolabis  taoensis  (Cope,  1882a). 

9)  Locality  3  miles  east  of  Kimbetoh,  San 
Juan  Basin,  early  Paleocene  (Puer- 
can), Nacimiento  Formation,  New 
Mexico.  Nearly  complete  hind  limbs 
and  pelvis  (AMNH  16325)  of  ?Eucos- 
modon  sp.  (Granger,  1915;  Simpson 
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Figure  7.    Stereophotographs  of  central  portion  of  right  side  of  postcranial  sl<eleton  of  Ptilodus  kummae  (UA  9001 ).  For  details 
of  the  right  tarsal  bones,  see  Figure  27A.  ■  1.25. 

Abbreviations:  cal.  calcaneum;  Cd8.  eighth  caudal  vertebra;  fern,  femur;  fib.  fibula;  h  sp.  haemal  spine;  L2.  L5.  second  and 
fifth  lumbar  vertebrae;  m  phal.  manual  phalanges;  met  V.  fifth  metatarsal;  pat.  patella;  tib.  tibia. 


and   Elftman,    1928;   Granger   and 
Simpson,  1929;  Simpson,  1937a). 

10)  Torrejon  Arroyo,  San  Juan  Basin, 
middle  Paleocene  (Torrejonian),  Na-  13) 
cimiento  Formation,  New  Mexico. 
Associated  dentaries  and  skeletal 
fragments  (AMNH  16024)  of  Stijgi- 
mys  teilhardi  (Granger  and  Simpson, 
1929).  14) 

11)  Gidley  Quarry,  middle  Paleocene 
(Torrejonian),  Fort  Union  Formation, 
Montana.  Skull  and  several  associated 
skeletal  fragments  (AMNH  35490)  of 
Ptilodus  montanus  (Simpson,  1937b)  15) 
and  a  left  proximal  humerus  (USNM 
9735)  of  ?Ptilodiis  montanus. 

12)  Silberling  Quarry,  middle  Paleocene 
(Torrejonian),  Fort  Union  Formation, 
Montana.  Skull,  dentaries  and  incom-      16) 


plete  skeleton  (USNM  6076)  of  Ptil- 
odus montanus  (Gidley,  1909;  Simp- 
son, 1937a,b). 

Locality  UAR2g,  late  Paleocene  (Tif- 
fanian),  Ravenscrag  Formation,  Sas- 
katchewan. Several  isolated  frag- 
ments (UA  collections)  of  ?PtiIodus 
kummae. 

UM  locality  SC-195,  early  Eocene 
(Clarkforkian),  Willwood  Formation, 
Wyoming.  Associated  dentition  and 
skeletal  fragments  (UM  69868)  of  Ec- 
typodus  poioelli. 

UM  locality  SC-188,  early  Eocene 
(Clarkforkian),  Willwood  Formation, 
Wyoming.  Isolated  elements  (UM 
collections)  of  unidentified  multitu- 
berculate(s). 
UM    locality    SC-210,    early    Eocene 
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Figure  8.     Stereophotographs  of  posterior  portion  of  righit  side  of  postcranial  skeleton  of  Ptilodus  kummae  (UA  9001).  v  i  ,25. 

Abbreviations:  I.  left;  r.  righit;  Cd1,  Cd7.  first  and  seventh  caudal  vertebrae;  fern,  femur;  fib.  fibula;  h  sp.  haemal  spines;  llm. 
ilium;  isc,  ischium;  S4,  fourth  sacral  vertebra. 


(Wasatchian),  Willvvood  Formation, 
Wyoming.  Humeral  fragment  (UM 
74674)  of  ?Ectypodus  tardus. 


OSTEOLOGY  OF  THE  APPENDICULAR 
SKELETON 

SCAPULOCORACOID 

(Figures  9,  10) 

UA  9001— A  fragment  of  the  right 
scapulocoracoid  preserves  most  of  the 
glenoid  but  little  of  the  blade;  the  cora- 
coid  is  broken  off  (Fig.  9B).  The  glenoid 
is  a  shallow,  pyriform  fossa,  broadest  pos- 
teriorly and  tapering  toward  the  coracoid 
suture. 

On  the  costal  surface  of  the  scapula  is 
a  low  crest  that  arises  near  the  medial  rim 


of  the  glenoid  fossa  and  extends  postero- 
dorsally  for  approximately  3  mm.  A  shal- 
low fossa  and  nutrient  foramen  occur  on 
the  posteromedial  aspect  of  the  blade  ad- 
jacent to  the  glenoid. 

Other  material — ■'Mesodma  sp.  (If A  11992),  distal 
fragment;  ?Mesodma  sp.  (UA  11993),  distal  frag- 
ment lacking  coracoid  process;  Multituberculata  in- 
det.  (MCZ  20785),  distal  fragment  lacking  coracoid 
process  and  scapular  spine;  Multituberculata  indet. 
(UMVP  1400),  distal  fragment  lacking  coracoid  pro- 
cess and  scapular  spine. 

UA  1 1992  has  a  complete  coracoid  (Fig. 
10C,D)  that  is  synostosed  to  the  scapula; 
no  suture  can  be  seen.  Distally,  the  cora- 
coid is  transversely  expanded  to  a  slight 
degree.  The  scapular  and  coracoid  parts 
of  the  glenoid  thus  form  an  arcuate  (ap- 
proximately 90°)  surface  to  receive  the  hu- 
meral head. 
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Figure  9.  Stereophotographs  of  scapulocoracoids  of  North  American  Multltuberculata.  A)  MCZ  20785,  Multituberculata  indet., 
Bug  Creek  Anthills  locality,  left  distal  fragment  missing  coracoid  process,  lateral  view;  B)  UA  9001,  Ptilodus  kummae.  locality 
UAR2g,  nght  distal  fragment  missing  coracoid  process,  lateral  view;  C)  UMVP  1400,  Multituberculata  indet.,  Bug  Creek  Anthills 
locality,  left  distal  fragment  missing  coracoid  process,  lateral  view.  '  2.2. 


The  narrow  scapular  blade  is  partially 
preserved  in  several  specimens  from  the 
Late  Cretaceous  (Figs.  9A,C,  10).  The  in- 
fraspinous  fossa  occupies  the  lateral  sur- 
face as  a  deep  sulcus.  The  anterior  margin 
of  the  sulcus  is  a  laterally  projecting  flange, 
the  homologue  of  the  scapular  spine.  In 
one  specimen  (UA  11992)  the  ventral 
(acromial)  part  of  the  spine  is  reflected 


posteriorly,  probably  relating  to  the  at- 
tachment of  the  deltoid.  The  acromion  is 
not  preserved  in  any  available  specimen. 

Clavicle  and  Interclavicle 

No  clavicle  or  interclavicle  of  a  multi- 
tuberculate  has  been  positively  identified. 
The    fragmentary    interclavicle    (YPM 


—  c 


Figure  10.  Stereophotographs  of  scapulocoracoids  of  '^Mesodma  sp.,  Bug  Creek  Anthills  locality.  A)  and  B)  UA  11993,  left 
distal  fragment  missing  coracoid  process  in  lateral  and  anterior  view;  C)  and  D)  UA  11992,  right  distal  fragment  in  lateral  and 
posterior  views  (in  this  specimen  the  coracoid  process  (c)  is  complete).  •  4.0. 
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10639)  described  by  Marsh  (1889)  is  enig- 
matic. The  specimen's  supposed  associa- 
tion with  a  calcaneum,  astragalus,  and 
partial  scapulocoracoid  has  been  ques- 
tioned (Simpson,  1928a, b;  McKenna, 
1961).  McKenna  (1961)  provisionally  re- 
ferred the  scapulocoracoid  to  the  Marsu- 
pialia,  and  we  find  that  the  calcaneum  and 
especially  the  astragalus  difter  in  major 
features  from  the  pattern  known  in  Ptil- 
odus  and  ?Eucosinodon  (see  below).  We 
do  not  doubt  that  the  specimen  in  ques- 
tion is  an  interclavicle,  but  without  com- 
parative material  have  no  basis  for  con- 
firming or  denying  that  it  represents  that 
of  a  multituberculate. 


Humerus 
(Figures  11,  12) 

JJA  9001 — The  humeri  are  represented 
by  fragments  from  the  heads,  a  partial 
right  diaphysis,  and  a  fragment  of  the  dis- 
tal end  of  the  right  humerus. 

The  large  and  spherical  radial  condyle 
(capitulum)  is  ventrally  directed.  Dorsal 
to  the  condyle  is  a  broad  linear  ridge  that 
runs  proximodistally  and  forms  the  lateral 
margin  of  the  intercondylar  groove.  Ven- 
trally, a  shallow  groove  separates  the  ra- 
dial condyle  from  the  ectepicondyle.  The 
ulnar  condyle,  separated  from  the  radial 
condyle  by  the  wide  intercondylar  groove, 
is  elongate  and  wraps  around  the  distal 
end  of  the  humerus.  The  extensor  (dorsal) 
surface  is  situated  more  laterally  than  the 
flexor  surface,  and  thus  has  a  "spiral"  con- 
figuration (Jenkins,  1973). 

Other  Material — ?Catopsalis  joijneri  (MCZ 
19.529),  right  distal  fragment;  ?Cimexomijs  minor 
(UMVP  1404),  left  distal  fragment;  ?Ectijpodus  tar- 
dus (UM  74674),  right  distal  fragment;  ?Meniscoes- 
sus  conquistus  (AMNH  3011a),  left  distal  fragment; 
?Meniscoessus  robustus  (YPx\I  10612a),  left  distal 
fragment;  ?Mesodma  primaeva  (AMNH  77175),  right 
distal  fragment;  ?Mesodma  sp.  (MCZ  20789),  left 
distal  fragment;  ?Mesodma  sp.  (MCZ  20786,  MCZ 
20787,  MCZ  20788,  UMVP  1405,  UMVP  1406),  right 
distal  fragments;  "^Mesodma  sp.  (UMVP  140.3).  distal 
two-thirds  of  left  humerus;  ?Ptilodus  kummae  (UA 


11300),  right  distal  {'piph\sis;  Ptilodus  mnntaniis 
(USNM  6076),  nearK  tomplete  but  damaged  left  hu- 
merus; ?Ptilodus  monianus  (USNM  9735),  left  prox- 
imal humerus;  ':'Sty^iJny.s  kttszmauli  (UA  11994), 
distal  half  of  right  humerus;  ?S.  kiiszmauli  (UMVP 
1407),  left  distal  humerus;  ?Stygimy.s  tcilhardi 
(AMNH  16024),  right  radial  condyle. 

The  best  preserved  proximal  humerus 
of  a  North  American  form  is  problemati- 
cal in  its  association;  the  specimen  was 
found  in  the  same  box  with  a  maxilla 
(USNM  9735)  of  Ptilodus  montanus  from 
Gidley  Quarry,  but  no  records  attest  to  its 
actual  association.  That  it  is  multituber- 
culate is  established  by  its  resemblance  to 
the  proximal  humerus  of  Tugrigbaatar 
saichanensis  figured  by  Kielan-Jaworow- 
ska  and  Dashzeveg  (1978).  The  specimen 
possesses  robust  greater  and  lesser  tuber- 
osities and  a  bulbous,  ovoid  head  that  is 
reflected  proximodorsally  (Fig.  11A,B,C). 

The  linear  ulnar  condyle,  in  distal  view, 
intercepts  the  interepicondylar  axis  at  an 
angle  of  approximately  72°  on  the  humer- 
al fragment  of  ?Ptilodus  kummae  (UA 
11300)  as  well  as  on  that  of  P.  montanus 
(USNM  6076).  The  entepicondyle  is  not 
preserved  on  either  UA  9001,  UA  11300, 
or  USNM  6076,  but  a  distinct  groove  sep- 
arates it  from  the  ulnar  condyle.  More 
nearly  complete  humeri  of  multitubercu- 
lates  recovered  from  the  Bug  Creek  Ant- 
hills locality  in  UMVP  and  UA  collections 
show  that  the  entepicondyle  is  much  larg- 
er than  the  ectepicondyle;  the  entepicon- 
dyle projects  distomedially  as  a  broad, 
dorsoventrally  depressed  flange  and  is 
pierced  by  a  large  entepicondylar  fora- 
men (see  also  Jenkins,  1973,  fig.  19). 

A  complete  humerus  is  not  known  for 
any  North  American  multituberculate. 
The  most  complete  specimen  available 
{Ptilodus  montanus,  USNM  6076;  Fig. 
11H,1)  reveals  a  well-developed  deltopec- 
toral  crest  and  a  nearly  hemispherical  hu- 
meral head  (breakage  precludes  deter- 
mining its  exact  orientation).  The  lateral 
surface  of  the  deltopectoral  crest  and  the 
dorsal  surface  of  the  shaft  have  an  angular 
intersection,  thus  forming  a  distinctive 
ridge   running   proximodistally   from   the 


212         Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  4 


B 


C 


ec       uc      en 


/     7   I 

en     uc    re    ec 


Figure  11.  Stereophotographs  of  humeri  of  North  American  Multitubercuiata.  A-C)  USNM  9735,  ?Ptilodus  montanus.  Gidiey 
Quarry,  left  proximal  humerus  in  dorsal,  medial  and  proximal  views.  The  articular  surface  ad)acent  to  the  greater  tuberosity  has 
been  damaged.  D)  and  E)  UA  11994,  '^Stygimys  kuszmauh.  Bug  Creek  Anthills  locality,  right  distal  fragment  in  dorsal  and 
ventral  views,  F)  and  G)  UMVP  1407,  '>3tygimys  kuszmauli.  Bug  Creek  Anthills  locality,  left  distal  fragment  in  dorsal  and  ventral 
views;  H)  and  I)  USNM  6076,  Ptilodus  montanus.  Silberling  Quarry,  nearly  complete  but  damaged  left  humerus  (head  is  affixed 
with  clay)  in  dorsal  and  ventral  views.  ■   1.5. 

Abbreviations:  ec.  ectepicondyle;  en.  entepicondyle;  re,  radial  condyle;  uc.  ulnar  condyle. 


humeral  head  to  the  ectepicondylar  flange  chanensis   by    Kielan-Jaworowska   and 

(the  "posterior  crest"  of  Kielan-Jaworow-  Dashzeveg  (1978)  depicts  a  more  gracile, 

ska  and   Dashzeveg,   1978).   The  propor-  elongate  bone, 
tions  of  the  humerus  represented  in  Fig- 


ure 31  are  based  in  part  on  USNM  6076 
in  which  the  head  is  separated  from  the 
shaft;  it  is  possible  that  part  of  the  shaft 
has  been  lost  at  the  fracture.  A  reconstruc- 
tion of  the  humerus  of  Tugrigaatar  sai- 


llLNA 

(Figures  13,  14) 

UA  9001 — The  right  ulna  is  represent- 
ed bv  a  fragment  representing  the  olec- 
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Figure  12.  Stereophotographs  of  humeri  of  '^Mesodma  sp.,  Bug  Creek  Antlnills  locality.  A)  MCZ  20788,  right  distal  fragment, 
ventral  view;  B)  MCZ  20787,  right  distal  fragment,  dorsal  view;  C)  MCZ  20789.  left  distal  fragment,  distal  view;  D)  MCZ  20786, 
right  distal  fragment,  distoventral  view.  /  3.0. 

Abbreviations:  re,  radial  condyle;  uc.  ulnar  condyle. 


ranon  and  proximal  part  of  the  semilunar 
notch  (Fig.  13B). 

The  olecranon  is  laterally  compressed. 
The  medial  margin  of  the  apex  bears  an 
excrescence,  and  therefore  the  olecranon 
is  somewhat  asymmetrical.  The  articular 
surface  for  the  capitulum  is  a  shallowly 
concave  facet  restricted  to  the  dorsolateral 
corner  of  the  semilunar  notch.  The  artic- 
ular surface  for  the  ulnar  condyle  is  nearly 
semicircular;  proximally,  the  facet  is 
deeply  recessed,  but  distally  is  almost  flat 


from  medial  to  lateral  side.  The  proxi- 
modistal  axis  of  this  facet  is  obliquely  ori- 
ented (estimated  at  about  10°)  to  the  ulnar 
shaft.  A  prominent  crest  is  formed  at  the 
intersection  of  the  two  facets  and  is  also 
oriented  slightly  obliquely  to  the  axis  of 
the  ulnar  shaft  (from  proximolateral  to 
distomedial  aspect);  it  articulates  with  the 
intercondylar  groove  on  the  humerus.  A 
prominent  anconeal  process  is  accommo- 
dated by  a  deep  olecranon  fossa  on  the 
humerus. 


Figure  13.     Stereophotographs  of  ulnae  of  North  American  Multituberculata.  A)  UMVP  1412,  7Catopsalis  joyneri.  Bug  Creek 
Anthills  locality,  left  proximal  fragment  missing  part  of  olecranon  process,  anteromedial  view;  B)  UA  9001,  Ptilodus  kurpmae, 
locality  UAR2g,  right  proximal  fragment,  anterior  view;  C)  MCZ  19527,  7 Catopsalis  joyneri.  Bug  Creek  Anthills  locality,  left 
proximal  fragment  missing  part  of  olecranon  process,  lateral  view.  '  1 .5. 
Abbreviations:  fr,  facet  for  radial  condyle;  fu,  facet  for  ulnar  condyle;  rn,  radial  notch. 
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Figure  14.  Stereophotographs  of  ulnae  of  7Mesodma  sp.,  Bug  Creek  Anthills  locality.  A)  UMVP  1414,  right  ulna  missing 
proximal  and  distal  ends,  anterior  view;  B)  MCZ  20780,  left  proximal  fragment,  anterior  view;  C)  MCZ  20781,  left  proximal 
fragment,  lateral  view,  x  4.2. 


Other  Material — ?Ptilodus  kummae  (UA  11302), 
distal  half  of  semilunar  notch  and  pro.ximal  part  of 
shaft;  Stygimys  teilhardi  (AMNH  16024),  two  olec- 
ranons including  proximal  half  of  semilunar  notch; 
?S.  huszmauli  (UMVP  1411),  proximal  right  ulna; 
?Mesodma  sp.  (UMVP  1413),  left  semilunar  notch 
and  olecranon;  ?Mesodma  sp.  (UMVP  1409),  proxi- 
mal right  ulna;  ?Mesodma  sp.  (UMVP  1410),  proxi- 
mal right  ulna;  ?Mesodma  sp.  (UMVP  1414),  distal 
half  of  semilunar  notch  and  all  of  shaft  except  distal 
end;  ?Mesodma  sp.  (MCZ  20780,  MCZ  20781),  left 
proximal  fragments;  ?Catopsalis  joyneri  (UMVP 
1412),  proximal  half  of  left  ulna;  ?Catopsalis  joyneri 
(MCZ  19527),  proximal  left  ulna  missing  part  of  olec- 
ranon; ?Cimexomys  minor  (UMVP  1408),  semilunar 
notch  of  left  ulna;  ?Taeniolabis  taoensis  (AMNH 
3036),  semilunar  notch  of  right  ulna. 

The  radial  notch  is  an  oval,  shallowly 
concave  facet  distal  to  the  articular  sur- 
face for  the  radial  condyle. 

Distal  to  the  semilunar  notch  the  ulnar 
shaft  narrows  transversely.  A  longitudinal 
fossa,  bordered  medially  by  a  ridge,  oc- 
curs on  the  flexor  surface  of  the  shaft  just 
distal  to  the  coronoid  process. 

An  ulnar  shaft  (UMVP  1414)  referable 
to  ?Mesodm,a  sp.  has  a  cross  section  in  the 


form  of  an  isosceles  triangle,  with  the  base 
representing  the  anterior  surface  and  the 
ape.x  the  posterior  margin  (Fig.  14A).  Dis- 
tally  the  shaft  curves  medially,  tapers,  and 
becomes  more  or  less  cylindrical.  A  distal 
articular  surface  has  not  yet  been  posi- 
tively identified. 


Radius 
(Figure  15) 

UA  9001 — The  radii  of  P.  kummae  are 
represented  by  the  head  from  the  left  side, 
and  the  proximal  half  from  the  right.  As- 
sociated with  the  ?right  carpus  is  a  crushed 
distal  radius  that  preserves  no  diagnostic 
features. 

The  head  of  the  radius  is  elliptical  in 
outline.  The  concave  capitular  facet  is  also 
elliptical,  that  is,  longer  anteroposteriorly 
than  transversely.  However,  the  concavity 
of  the  articular  surface  is  spheroidal.  A 
strap-shaped  facet  that  articulates  with  the 
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Figure  15.     Stereophotographs  of  radii  of  Ptilodus  kummae  (UA  9001),  locality  UAR2g.  A)  and  B)  left  proximal  fragment  in 
medial  and  proximal  (top  is  posterior)  views;  C)  and  D)  right  proximal  fragment  in  medial  and  lateral  views,  x  2.7. 


ulna  extends  for  approximately  90°  around 
the  posteromedial  margin  of  the  radial 
head.  The  anterolateral  margin  of  the  ra- 
dial head  bears  an  elongate,  flat  facet  that 
opposes  a  shallow  groove  between  the  ect- 
epicondyle  and  the  radial  condyle  of  the 
humerus. 

The  proximal  part  of  the  shaft  is  me- 
diolaterally  compressed.  Distal  to  the  ul- 
nar facet  is  a  longitudinal  ridge,  the  an- 
terior surface  of  which  is  rugose  and 
probably  marks  the  insertion  of  the  biceps 
brachii.  The  angular  anteromedial  margin 
of  the  shaft  may  represent  the  attachment 
of  a  radioulnar  interosseous  membrane. 

Other  Material— ?Mesodma  sp.  (UMVP  1416), 
proximal  half  of  right  radius;  ?Catopsalis  joyneri 
(UMVP  1438,  UMVP  14.39),  proximal  halves  of  left 
radii;  Ptilodus  montanus  (USXM  6076),  right  radius 
lacking  distal  end. 

These  specimens  share  the  same  basic 
features  with  the  proximal  radii  of  Ptilo- 
dus kummae. 


Manus 
(Figures  3,  6,  16) 

UA  9001 — A  partial  and  slightly  disar- 
ticulated manus  is  preserved  (Fig.  16).  The 
interpretation  that  it  is  a  right  manus,  and 
the  identification  of  the  individual  ossi- 
cles, are  not  absolutely  certain.  The  single 
complete  metacarpal  (5.3  mm  in  length) 
we  regard  as  pollical,  and  on  this  assump- 
tion have  been  able  to  suggest  the  identity 
of  the  other  elements.  This  interpretation 
is  based  on  three  observations:  the  pollical 
metacarpal  appears  to  be  associated  with 
two  phalanges  only;  the  pollical  metacar- 
pal is  in  articulation  with  another  meta- 
carpal (11?)  at  a  greater  angle  of  diver- 
gence (ca.  40°)  than  would  be  expected  if 
it  were  metacarpal  V  of  the  left  side;  and 
the  adjacent  ossicle  (prepollex),  although 
elongate,  is  too  small  and  of  an  unlikely 
structure  for  a  pollical  metacarpal  (see  be- 
low). 
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Figure  16.     Stereophotographs  of  dorsal  view  of  partial  ?right  manus  of  Ptilodus  kummae  (UA  9001).  x  4.4. 

Abbreviations:  d  phal,  distal  phalanx;  mag.  magnum;  met  I,  II,  first  and  second  metacarpals;  prp,  prepollex;  p  ptial,  proximal 
phalanx;  smi,  semilunar;  tzd,  trapezoid;  tzm,  trapezium. 


As  preserved,  the  carpus  consists  of  a 
damaged  distal  radius,  semilunar  (lunate), 
magnum  (capitate),  trapezoid,  trapezium, 
and  prepollex.  The  semilunar  is  a  crescen- 
tic  ossicle,  with  a  concave  distal  articular 
surface  lying  in  close  contact  with  the  bul- 
bous head  of  the  magnum.  The  trapezoid 
is  displaced  from  the  magnum,  but  when 
articulated  their  proximal  surfaces  would 
be  contiguous.  Distally,  the  trapezoid  ar- 
ticulates with  metacarpal  I  and  a  lateral 
portion  of  the  proximal  articular  surface 
of  metacarpal  II.  The  trapezium,  roughly 
equivalent  to  the  trapezoid  in  size,  has 
been  displaced  from  its  normal  position. 
The  elongate  prepollex  (2.8  mm  in  length) 
is  expanded  at  both  ends  and  appears  to 
have  articulated  with  both  the  trapezium 
and  pollical  metacarpal.  The  long  axes  of 
the  proximal  and  distal  ends  are  at  nearly 
right  angles.  The  distal  end,  although 
rounded,  does  not  have  the  condylar  shape 
typical  of  a  metacarpophalangeal  articu- 
lation. 


The  proximal  end  of  metacarpal  II  is 
transversely  narrower,  and  its  shaft  more 
slender,  than  that  of  the  pollical  metacar- 
pal. 

The  distal  (ungual)  and  proximal  pha- 
langes of  the  right  pollex  appear  to  be  as- 
sociated (Fig.  16).  The  proximal  phalanx 
is  2.6  mm  long  and,  at  midshaft,  is  1.1  mm 
in  width.  Both  the  proximal  base  and,  to 
a  lesser  extent,  the  distal  end  are  expand- 
ed relative  to  the  transverse  diameter  of 
the  shaft.  The  base  is  dorsoventrally  ex- 
panded. The  head,  in  dorsal  profile,  is  very 
slightly  convex,  bearing  no  median  groove. 

The  distal  phalanx,  2.4  mm  long,  has  a 
proximal  facet  that  is  deeply  concave  in 
side  view.  Both  the  extensor  process  and 
the  flexor  tubercle  are  well  developed.  The 
flexor  tubercle  is  low,  rounded,  and  is  sep- 
arated from  the  articular  surface  by  a  fos- 
sa into  which  opens  a  large,  distally  di- 
rected nutrient  foramen.  The  ungual 
process  for  support  of  the  claw  is  slightly 
recurved  and  bears  a  longitudinal,  often 
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Figure  17.  Stereophotographs  of  pelvic  bones  of  '^Mesodma  sp.,  Bug  Creek  Anthills  locality.  A)  UMVP  1418,  partial  left  ilium, 
lateral  view;  B)  UMVP  1420,  partial  left  ilium  and  acetabular  facet  of  the  ischium,  lateral  view  (in  both  specimens  part  of  the 
pubis  is  represented  along  the  inferior  margin  of  the  acetabulum);  C)  UMVP  1419,  left  ischial  fragment,  lateral  view;  D)  UMVP 
1417,  left  ischial  fragment,  lateral  view.  ^  2.2. 

Abbreviations:  ob.  dorsal  margin  of  obturator  foramen;  pob.  dorsal  margin  of  postobturator  foramen. 


rugose  groove  along  its  dorsomedial  and 
dorsolateral  aspects  (the  dorsolateral 
groove  is  longer  and  deeper).  The  ungual 
process  is  slightly  constricted  transversely 
near  midlength,  expands  distally,  and  ta- 
pers to  a  pointed  terminus. 

Three  middle  and  three  distal  pha- 
langes of  the  ?left  manus  are  preserved  in 
articulation  near  the  distal  end  of  the  right 
pes  (Figs.  4,  7).  Their  digital  identity  can- 
not be  determined.  They  are  similar  in 
morphology  to  the  pollical  phalanges  de- 
scribed above  but  are  of  different  lengths. 


Pelvis 
(Figures  5,  8,  17,  18) 

UA  9001— Bolh  ilia  and  the  left  is- 
chium of  UA  9001  are  preserved  intact; 
the  right  ischium  and  both  pubes  are 
crushed  (Figs.  5,  8).  Pelvic  sutures  appear 
to  have  been  firmly  synostosed. 

The  long,  rodlike  ilium  is  reflected  lat- 
erally at  its  anterior  end.  The  ilium  is  el- 
liptical in  cross-section  e.xcept  at  the  ex- 
panded auricular  surface  and  adjacent  to 
the  anterior  rim  of  the  acetabulum  where 
it  is  bladelike.  The  ventral  margin  of  the 
ilium  adjacent  to  the  acetabulum  bears  a 
flange  that  merges  with  the  pubis  below. 


The  lateral  surface  of  the  ischium  is  flat, 
the  medial  surface  convex.  The  dorsal 
margin,  rather  than  straight,  recurves 
sharply  to  a  dorsally  directed  ischial  tu- 
berosity. Although  the  acetabula  are  ob- 
scured by  the  articulated  femoral  heads, 
the  superior  margin  is  recessed  and  open 
dorsally  by  virtue  of  a  lack  of  contact  be- 
tween the  iliac  and  ischial  facets. 

Distortion  of  both  pubes  and  the  right 
ischium,  and  the  fact  that  the  ventral  part 
of  the  left  ischium  is  almost  completely 
covered  by  overlying  bone,  obscures  the 
obturator  region.  However,  it  appears  that 
posterior  to  the  obturator  foramen  lies 
another,  smaller  foramen,  hereafter  re- 
ferred to  as  the  postobturator  foramen. 

The  obturator  foramen  is  situated  di- 
rectly ventral  to  the  acetabulum,  its  an- 
terior margin  lying  at  approximately  the 
same  level  as  the  anterior  margin  of  the 
acetabulum.  Ventrally,  it  appears  to  have 
been  bounded  by  a  thin  lamina  of  bone 
that  is  not  preserved  in  any  other  multi- 
tuberculate  specimen.  Deformation  pre- 
cludes precise  measurement  of  the  fora- 
men although  in  anteroposterior  length  it 
appears  to  have  been  close  to  4  mm. 

The  postobturator  foramen  is  separated 
from  the  obturator  foramen  by  a  plate  of 
bone  approximately  2  mm  wide  (antero- 
posteriorly).  The  foramen  itself  is  approx- 
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Figure  18.    Stereophotographs  of  pelvis  of  ?Eucosmodon  sp.  (AMNH  16325),  San  Juan  Basin.  A)  fragmentary  right  ilium  and 
ischium,  lateral  view;  B)  fragmentary  left  ilium  and  ischium,  lateral  view.  >  1 .25. 

Abbreviations:  pob,  dorsal  margin  of  postobturator  foramen. 


imately  2.5  mm  wide  and  about  2  mm 
high;  ahhough  breakage  has  occurred,  it 
appears  to  have  been  bordered  ventrally 
by  a  very  thin  lamina  of  bone.  The  post- 
obturator  foramen  does  not  open  into  the 
pelvic  cavity,  but  rather  represents  a  hia- 
tus in  a  keel-like  ischio-pubic  symphysis. 

The  pubis  forms  the  anterior  and  part 
of  the  ventral  border  of  the  obturator  fo- 
ramen. Details  of  its  shape,  including  the 
possible  presence  of  facets  for  epipubic 
bones,  have  been  lost  by  postmortem 
crushing  and  breakage. 

Two  elongate,  boomerang-shaped  bones 
are  located  near  the  right  ilium  and  left 
ischium,  respectively.  One  end  tapers,  the 
other  terminates  in  a  slight  swelling.  A 
longitudinal  sulcus  traverses  the  length  of 
one  side  of  the  shaft.  These  features  are 
similar  to  those  characteristic  of  the  bones 
that  Jenkins  and  Parrington  (1976)  iden- 
tified tentatively  as  the  clavicles  of  Eozos- 
trodon.  The  possibility  that  these  are  clav- 


icles appears  to  be  remote  because  no  other 
elements  of  the  anterior  limb  skeleton  of 
Ptilodus  were  so  displaced.  Rather,  it  is 
likely  that  these  are  epipubes,  and  that 
Jenkins  and  Parrington's  identification 
may  be  in  error. 

Other  Material — ?Eticosmodon  sp.  (AMNH 
16325),  nearly  complete  pelvis  including  parts  of  both 
ilia  and  ischia,  the  pubes  represented  only  by  bone 
in  region  of  iliopubic  junction;  ?Mesodma  sp.  (UMVP 
1419),  partial  left  ischium;  ?Mesodma  sp.  (UMVP 
1420),  nearly  complete  left  ilium  lacking  anterior  tip 
of  blade  but  including  entire  acetabulum;  ?Mesodma 
sp.  (UMVP  1417),  partial  left  ischium;  ?Mesodma  sp. 
(UMVP  1418),  nearly  complete  left  ilium  preserving 
iliac  facet  of  acetabulum  and  part  of  auricular  sur- 
face; Ptilodus  montanus  (L'SNM  6076),  fragmentary 
left  ilium;  Stygimys  teilhardi  (AMNH  16024),  right 
iliac  fragment  preserving  iliac  facet. 

The  acetabular  articular  surface,  unlike 
that  of  therian  mammals,  is  highly  asym- 
metrical. The  anterior  and  largest  part  of 
the  surface  is  made  up  of  iliac  and  pubic 
contributions;    the    sutural    contacts    are 
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Figure  19.    Stereophotographs  of  femora  of  Nortfi  American  Multituberculata.  A)  UA  11301,  ?Ptilodus  kummae.  locality  UAR2g, 

left  proximal  fragment,  proximal  view;  B)  AMNH  16024,  Stygimys  teilhardi,  Torrejon  Arroyo,  right  distal  fragment,  distal  view,  x 

2.1. 

Abbreviations:  fov.  fovea  capitis  femoris. 


obliterated  in  UMVP  1420,  but  a  slight 
indentation  of  the  acetabular  margin  and 
different  textural  features  of  the  articular 
surface  are  here  interpreted  as  marking 
the  iliopubic  junction  (Fig.  17B).  The  su- 
perior margin  of  the  acetabulum  between 
the  ilium  and  ischium  is  deeply  emargin- 
ated.  An  acetabular  fossa  and  notch  are 
well  developed.  Similar  features  are  pres- 
ent in  ?Eucosmodon  sp.  (AMNH  16325) 
although  details  are  obscured  by  breakage 
(Fig.  18). 

Further  evidence  for  a  postobturator 
foramen  is  evident  in  UMVP  1419  and 
UMVP  1417  (Figs.  17C,D),  where  the 
dorsal  margins  of  both  the  obturator  and 
postobturator  foramina  are  separated  by 
a  cylindrical  bony  rod  of  small  diameter. 
The  ventral  margins  of  neither  foramen 
are  preserved,  however.  In  AMNH  16325 
the  dorsal  margins  of  both  the  obturator 
and  the  postobturator  foramina  are  also 
present.  In  both  ? Eucosmodon  sp.  (AMNH 
16325)  and  ?Mesodma  sp.  (UMVP  1419 
and  1417)  the  postobturator  foramen  is 
developed  within  the  ischial  part  of  the 
ischiopubic  symphysis  and  thus  is  an  un- 
paired, midline  feature.  Whether  or  not 
the  foramen  had  a  bony  ventral  margin 
as  appears  to  have  been  the  case  in  Ptil- 
odus  kummae,  or  was  a  hemicircular  in- 
cisure of  the  ischial  rami,  cannot  be  de- 
termined    from     available     materials. 


Association  of  the  foramen  with  the  origin 
of  an  adductor  muscle  is  indicated  by  the 
surrounding  fossa  on  the  lateral  surface 
(Fig.  17C,D). 

The  indentation  along  the  ventral  mar- 
gin of  the  ischium  of  Kryptobaatar  dash- 
zevegi  posterior  to  the  obturator  foramen 
may  represent  a  postobturator  foramen 
(Kielan-Jaworowska,  1969:  fig.  lA;  1979: 
fig.  la,b).  A  characteristic  feature  of  K. 
dashzevegi  and  other  Mongolian  multi- 
tuberculates  from  which  nearly  complete, 
uncrushed  pelves  are  known  is  that  the 
ischiopubic  symphysis  is  formed  at  an 
acute  angle  and  extends  ventrally  as  a  dis- 
tinct keel  (Kielan-Jaworowska,  1979).  As 
far  as  can  be  determined  from  available 
materials,  North  American  multitubercu- 
lates  shared  the  same  feature. 


Femur 
(Figures  4,  5,  7,  8,  19,  20A,B,E,F,  21) 

UA  9001 — The  articular  surface  of  the 
femoral  head  is  slightly  greater  than 
hemispherical,  more  so  than  indicated  for 
Ptilodus  montanus  by  Gidley  (1909:  fig. 
5).  The  dorsally  reflected  head  is  well  set 
off  by  a  cylindrical  neck  that  joins  the  shaft 
at  an  angle  of  about  60°  (Figs.  5,  8). 

The  robust  greater  trochanter  extends 


220         Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  4 


M 

4 


PoSTCRANiAL  SKELETON  OF  MuLTiTUBERCULATES  •  Krause  and  Jenkitis        221 


Figure  21 .  Stereophotographs  of  femora  of  7Mesodma  sp.,  Bug  Creek  Anthills  locality.  A)  MCZ  20775,  left  proximal  fragment, 
ventromedial  view;  B)  UMVP  1423,  right  proximal  fragment,  dorsal  view;  C)  UMVP  1424,  right  femur  missing  proximal  end, 
dorsal  view;  D)  MCZ  20776,  right  femur  missing  distal  epiphysis,  ventral  view;  E)  MCZ  20777,  left  distal  femur,  distal  view;  F) 
MCZ  20778,  right  distal  femur,  ventral  view,  x  2.2. 


along  the  axis  of  the  shaft  well  above  the 
level  of  the  head.  The  expanded  apex  bears 
a  large,  rugose  area  for  insertion  of  gluteal 
musculature.  Distally,  the  insertion  area  is 
prolonged  along  the  ventrolateral  aspect 
of  the  shaft  as  a  sharp  (gluteal)  crest.  The 
digital  fossa  is  small  and  narrow.  The  bul- 
bous lesser  trochanter,  approximately  one- 
third  the  size  of  the  femoral  head,  projects 
ventrally  and  is  a  simple  rounded  emi- 
nence. A  second  fossa,  between  the  lesser 
trochanter  medially  and  the  gluteal  crest 
laterally,  may  be  part  of  a  divided  digital 
fossa  (Simpson  and  Elftman,  1928). 

The  shaft  is  circular  in  cross  section  at 
midlength  but  more  elliptical  proximally. 

The  junction  between  the  shaft  and  the 
distal  epiphysis  of  the  femur  is  clearly 
marked.  The  patellar  groove  crosses  the 
distal  end  obliquely  from  proximomedial 


to  distolateral  aspect  and  terminates  dor- 
sal to  the  lateral  condyle.  The  two  con- 
dyles are  separated  by  a  broad  intercon- 
dyloid  fossa.  The  facets  have  a  large  radius 
of  curvature  (i.e.,  are  relatively  flat)  and 
are  confined  to  the  ventral  aspect  of  the 
condyles.  The  lateral  condyle,  wider  but 
less  protuberant  than  the  medial  condyle, 
bears  a  shallow,  round  fossa  adjacent  to 
the  lateral  ridge  of  the  patellar  groove. 

Other  Material — ?Catopsalis  joyneri  (UMVP 
1427),  left  proximal  fragment;  '^Cimexomys  minor 
(UMVP  1421),  left  proximal  fragment;  ?Eucosmo- 
don  sp.  (AMNH  16325),  complete  right  femur  and 
left  proximal  fragment;  ?Meniscoessus  robustus 
(YPM  10625c),  right  proximal  fragment;  ?Mesodma 
primaeva  (AMNH  77178),  right  proximal  fragment; 
?Mesodma  sp.  (UMVP  1422,  1423),  right  proximal 
fragments;  ?Mesodnm  sp.  (MCZ  20775),  left  proxi- 
mal fragment;  "^Mesodma  sp.  (MCZ  20776),  right 
femur  lacking  distal  epiphysis;  ?Mesodma  sp.  (UMVP 


Figure  20.  Stereophotographs  of  femora  and  fibulae  of  ? Eucosmodon  sp.  (AMNH  16325),  San  Juan  Basin.  A)  right  femur, 
dorsal  view;  B)  left  proximal  femur,  ventromedial  view;  C)  hght  distal  fibula,  posteromedial  view;  D)  left  distal  fibula,  distomedial 
view;  E)  nght  femur,  ventral  view;  F)  left  proximal  femur,  dorsomedial  view;  G)  right  distal  fibula,  anterolateral  view;  H)  left  distal 
fibula,  distal  view  (top  is  medial).  '  1.2. 
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Figure  22.  Stereophotographs  of  tibiae  of  North  American  Multituberculata.  A)  AMNH  16325,  ?Eucosmoclon  sp.,  San  Juan 
Basin,  right  distal  fragment,  posterodistal  view;  B)  AMNH  16325,  lEucosmodon  sp.,  San  Juan  Basin,  left  distal  fragment,  distal 
view  (top  is  anterior);  C)  AMNH  16024,  Stygimys  teilhardi.  Torrejon  Arroyo,  left  distal  fragment,  distal  view  (top  is  anterior). 
X1.5. 

Abbreviations:  Itc,  lateral  tibial  condyle;  mtc,  medial  tibial  condyle. 


1424),  right  femur  lacking  head  and  greater  tro- 
chanter; ?Mesodma  sp.  (MCZ  20777),  left  distal  fe- 
mur, and  (MCZ  20778)  right  distal  femur;  ?Ptilodus 
kummae  (UA  11301),  left  femoral  head  and  greater 
trochanter;  Ptilodus  montanus  (AMNH  35490),  right 
femur  lacking  distal  end  and  left  femur  lacking  head 
and  distal  end;  P.  montanus  (USNM  6076),  right 
femur  lacking  distal  end;  ?Stijginiys  kuszmauli 
(UMVP  1425),  right  proximal  fragment;  ?S.  kusz- 
mauli (UMVP  1426),  left  femoral  shaft;  Stygimys 
teilhardi  (AMNH  16024),  left  greater  trochanter  and 
right  distal  fragment. 

The  multituberculate  femoral  head  ex- 
hibits a  heart-shaped,  somewhat  flattened 
and  shghtly  rugose  area  representing  the 
fovea  capitis  femoris  (Fig.  19A).  The  fo- 
vea, eccentrically  situated  on  the  ventral 
aspect  of  the  femoral  head,  marks  the 
point  of  attachment  of  the  ligamentum 
capitis  femoris. 

Specimens  of  ?Eucosmodon  sp.  (AMNH 
16325)  and  ?Stygimijs  kuszmauli  (UMVP 
1426)  reveal  crests  running  distally  along 
the  ventrolateral  aspect  of  the  shaft  from 
the  greater  and  lesser  trochanters  respec- 
tively. 


The  patellar  groove  of  ?Mesodma  sp. 
(UMVP  1424  and  MCZ  20777)  extends 
proximally  past  the  epiphyseal  junction 
and  well  onto  the  dorsal  aspect  of  the  shaft 
(Fig.  21C,E).  The  obliquity  of  the  groove, 
as  well  as  its  location  on  the  lateral  side  of 
the  epiphysis,  is  evident  in  these  speci- 
mens. 

Patella 

(Figure  7) 

UA  9001— The  right  patella  is  a  small, 
elliptical  bone  preserved  on  the  lateral 
condyle  of  the  tibia.  Although  somewhat 
crushed,  it  appears  to  have  been  concave 
along  the  articular  surface,  and  convex 
along  the  dorsal  surface. 

Tibia 

(Figures  4,  5,  7,  22,  23A-E,  27) 

UA  9001 — The  proximal  end  is  mark- 
edly asymmetric.   Medially  the  small. 
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Figure  23.  Stereophotographs  of  tibiae  and  parafibula  of  North  American  Multituberculata.  A)  MCZ  20779,  IMesodma  sp., 
Bug  Creel<  Anthills  locality,  right  proximal  tibia,  posterior  view;  B)  UMVP  1428,  IMesodma  sp.,  Bug  Creek  Anthills  locality,  left 
tibia,  posterior  view;  C)  UCMP  122048,  IMesodma  sp.,  Bug  Creek  Anthills  locality,  right  proximal  tibia,  anterior  view;  D)  UA 
11995,  ?Mesodma  sp.,  Bug  Creek  Anthills  locality,  left  proximal  tibia,  posteromedial  view;  E)UMVP  1429,  IStygimyskuszmauli, 
Bug  Creek  Anthills  locality,  left  proximal  tibia,  proximal  view  (top  is  anterior);  F)  UA  9001,  Ptilodus  kummae.  locality  UAR2g, 
parafibula,  side  view  (articular  facet  is  at  left,  muscular  process  is  at  right;  other  details  of  this  bone's  orientation  are  un- 
known). X  2.2. 
Abbreviations:  ff,  fibular  facet. 


slightly  depressed  concave  facet  for  the 
medial  femoral  condyle  is  ovoid  in  out- 
line; its  long  axis  is  oriented  anterolater- 
ally-posteromedially.  The  lateral  facet  is 
larger  and  its  long  axis  is  oriented  trans- 
versely; the  surface  is  saddle-shaped,  con- 
vex anteroposteriorly  and  concave  medi- 
olaterally.  The  intercondyloid  eminence  is 
higher  posteriorly  than  anteriorly.  A  large, 
hook-like  flange  descends  distally  from  the 
posterolateral  corner  of  the  proximal  end, 
and  bears  a  facet  on  its  posterior  surface 
for  the  fibula.  A  thin  lamina  of  bone  joins 
the  flange  from  the  shaft  of  the  tibia  and, 
anteriorly,  forms  a  shallow  fossa  between 
the  two  structures. 

The  anterior  surface  of  the  tibia  is 
smooth  and  convex;  there  is  no  distinct 
tibial  tuberosity.  Posteriorly,  the  tibia  is 
deeply  excavated  just  below  the  proximal 
articular  surface.  The  shaft  bears  a  dis- 
tinctly sigmoidal  curvature;  the  proximal 


half  is  bowed  medially,  the  distal  half  lat- 
erally. 

Two  condyles  are  developed  on  [he  d:" 
tal  articular  surface.  The  long  axis  of  the 
oval  medial  condyle  is  oriented  antero- 
medially-posterolaterally;  the  medial  ex- 
tremity of  the  condyle  forms  the  distal  tip 
of  the  bone.  The  spiral  lateral  condyle 
wraps  around  the  medial  facet.  The  two 
condyles  are  separated  by  a  spiral  groove 
that  accommodates  an  oblique  ridge  be- 
tween the  two  corresponding  sulci  on  the 
astragalus. 

Other  Material — ?Eucosmodon  sp.  (AMNH 
16325),  proximal  end  of  right  tibia,  distal  ends  of 
botfi  tibiae;  ?Mesodma  sp.  (UMVP  1428),  complete 
left  tibia;  ?Mesodma  sp.  (MCZ  20779,  UA  11995), 
right  proximal  fragments;  ?Stygimys  kuszmauli 
(UM\T  1429),  right  and  left  proximal  fragments; 
Stygimys  teilhardi  (AMNH  16024),  proximal  and 
distal  fragments;  Multituberculata  indet.  (UMVP 
6663),  left  tibia  lacking  distal  end;  Multituberculata 
indet.  (UCMP  122048),  right  tibia  lacking  distal  end; 
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Multituberculata  indet.  (UMVP  1641),  right  proxi- 
mal fragment. 

These  tibiae  reveal  that  the  posterior 
fossa  on  the  proximal  end  of  the  shaft 
completely  undercuts  much  of  the  artic- 
ular surface;  the  lateral  articular  facet  and 
the  intercondylar  eminence  are  unsup- 
ported by  bone  except  anteriorly.  The 
most  complete  tibia  (UMVP  1428)  dis- 
plays the  characteristic  sigmoidal  curva- 
ture of  the  shaft;  the  proximal  half  is 
bowed  medially,  the  distal  half  laterally. 
Features  of  the  proximal  articular  surface 
are  best  exhibited  on  the  slightly  water- 
worn  specimens  of  ?Stygimys  kuszmauli 
(e.g.,  UMVP  1429).  The  distal  end  is  best 
preserved  in  ?Eucosmodon  sp.  (AMNH 
16325)  (Fig.  22A,B). 


Fibula 
(Figures  4,  5,  7,  8,  20C,D,G,H,  27) 

The  fibula,  previously  poorly  known  in 
multituberculates,  is  preserved  intact  in 
both  hind  limbs  of  Ptilodiis  kumrnae.  The 
precise  orientation  of  the  fibula,  however, 
remains  uncertain. 

It  appears  that  the  large  flat  facet  on 
the  posterolateral  margin  of  the  tibial  head 
articulated  with  a  large,  flat  facet  on  the 
fibular  head.  If  this  interpretation  is  cor- 
rect, the  fibula  was  situated  slightly  pos- 
terior to  the  tibia  proximally,  but  distally 
lay  more  lateral  to  it. 

The  left  fibular  head  exhibits  a  large, 
convex  facet  along  its  posterior  margin  that 
articulated  with  the  parafibula  (Fig.  8). 
The  fibular  head  bears  a  long,  slender  re- 
flected process  that  arises  from  its  postero- 
lateral margin  and  is  directed  distally. 
Owing  to  the  anteroposterior  alignment  of 
the  proximal  end  of  the  tibia  and  fibula 
the  lateral  flanges  of  those  bones  were  also 
closely  aligned  in  an  anteroposterior  re- 
lationship. Both  the  tibial  and  fibular  pro- 
cesses appear  to  be  related  to  a  crural 
musculotendinous  attachment. 

The  shaft  of  the  fibula  is  cvlindrical, 


slender,  bowed  slightly  posterolaterally  at 
midlength,  and  expands  distally  to  a  large 
epiphysis.  The  distal  epiphysis  of  the  left 
fibula  is  separated  from  the  diaphysis.  Al- 
though the  articular  surfaces  of  both  distal 
epiphyses  are  obscured  by  overlying  bone, 
it  is  evident  that  the  posteromedial  sur- 
face is  concave  and  articulated  with  a 
small  ossicle  (a  Plunula,  see  below)  and 
that  the  lateral  side  is  convex  (Fig.  27).  A 
tuberosity  protrudes  from  the  anterolat- 
eral margin  of  the  epiphysis. 

Although  slight  displacement  of  the  ar- 
ticular relationships  is  evident,  the  right 
foot  of  P.  kumrnae  reveals  that  the  distal 
end  of  the  fibula  articulated  with  the  dor- 
solateral margin  of  the  astragalus  (Fig.  27). 

Other  Material — "^Eucosmodon  sp.  (AMNH 
16325),  left  and  right  distal  fragments  (Fig. 
20C,D,G,H). 

The  distal  end  of  the  fibula  is  triangular 
in  outline,  with  anterior,  posteromedial, 
and  posterolateral  sides.  A  large,  bulbous 
facet  near  the  anteromedial  side  appar- 
ently represents  the  astragalar  contact.  A 
tuberosity  occurs  anterolaterally,  and  a 
small,  prominent  spine  posteriorly.  The 
distal  fibula  illustrated  by  Granger  and 
Simpson  (1929,  Fig.  22C)  is  from  the  left 
side  and  is  shown  in  posteromedial  and 
distal  views  (not  anterior  and  medial,  as 
indicated). 


Parafibula 

(Figure  23F) 

JJA  9001 — A  pair  of  ossicles  found  in 
association  with  the  hind  limbs  are  here 
interpreted  as  parafibulae.  Each  bears  a 
small,  elliptical,  concave  articular  surface 
that  matches  the  large  convex  facet  on  the 
posterior  surface  of  the  proximal  end  of 
the  fibula.  A  short,  constricted  neck  sep- 
arates the  articular  end  from  a  bladelike 
muscular  process  that  bears  two  distinct 
tuberosities  along  the  margin.  These  para- 
fibulae are  notable  for  their  large  size. 
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Figure  24.     Stereophotographs  of  dorsal  view  of  A)  nearly  complete  right  pes,  and  B)  left  calcaneum  of  lEucosmodon  sp. 
(AMNH  16325).  Missing  from  the  right  pes  are  the  mesocuneiform  and  parts  of  metatarsals  and  phalanges  of  digits  l-IV. 
Phalanges  from  both  pedes  were  used  to  reconstruct  the  foot  skeleton  shown;  their  relative  positions  are  uncertain.  -  1.0. 
Abbreviations:  caf,  proximal  calcaneoastragalar  facet;  cut,  cuboid  facet;  pt,  peroneal  tubercle;  st,  sustentaculum  tali. 


Other  Material— IsoViied  ossicles  (MCZ  20806, 
20807;  UA  11996)  from  the  Bug  Creek  Anthills  lo- 
cality resemble  the  parafibulae  of  Ptilochis  kiimmae 
in  basic  shape,  although  differences  exist  in  the  tub- 
erosities and  surface  features  of  the  bladelike  mus- 
cular process.  A  hind  limb  of  Kryptobaatar  dashzev- 
egi  figured  by  Kielan-Jaworowska  (1979:  fig.  la,c) 
appears  to  have  the  parafibula  preserved  in  articu- 
lation with  the  fibula.  The  ossicle,  which  resembles 
the  parafibula  of  P.  kummae,  contacts  the  fibular 
head  near  its  apex;  the  muscular  process  is  directed 
dorsallv  (toward  the  extensor  surface  of  the  femur). 


Pes 

(Figures  4,  7,  24,  25,  26,  27;  Table  1) 

UA  9001 — The  complete  right  tarsus  is 
preserved  almost  intact;  the  bones  of  the 
left  tarsus  are  disarticulated  and  only  the 
calcaneum,  astragalus,  cuboid,  navicular, 
ecto-  and  entocuneiforms  can  be  identi- 
fied with  confidence. 


The  robust  tuber  calcanei,  comprising 
the  posterior  half  of  the  bone,  is  laterally 
compressed.  Its  posterior  terminus  is  dor- 
soventrally  expanded  and  convex  in  lat- 
eral profile.  The  bulbous  proximal  facet 
for  the  astragalus  (astragalocalcaneal  fac- 
et) is  situated  just  medial  to  the  midaxial 
line  of  the  tuber  and  becomes  narrower 
distally  (a  condition  differing  somewhat 
from  that  in  ?Eucosmodon  sp.).  A  low  tu- 
berosity is  developed  just  posterolateral  to 
the  astragalocalcaneal  facet.  The  susten- 
tacular  facet,  pyriform  in  outline  and  flat, 
faces  medially  and  somewhat  dorsally 
(approximately  50°  from  horizontal).  The 
sustentacular  and  proximal  astragalocal- 
caneal facets  are  separated  by  a  broad  sul- 
cus. A  prominent  peroneal  tubercle  pro- 
trudes distolaterally  from  the  calcaneal 
body.  The  cuboid  facet  is  round,  slightly 
concave,  and  faces  distoventromedially. 
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Figure  25.    Stereophotographs  in  anterior  view  of  A)  articulated  calcaneum,  astragalus,  and  navicular,  and  B)  entocuneiform 
of  right  pes  of  1  Eucosmodon  sp.  (AMNH  16325).  ■  2.3. 

Abbreviations:  cuf.  cuboid  facet;  df,  distal  facet  for  metatarsal  I;  enf,  navicular  facet  for  the  entocuneiform;  las,  lateral  astragalar 
sulcus;  mas,  medial  astragalar  sulcus. 


The  dorsal  surfaces  of  both  astragah  of 
UA  9001  are  obscured  by  overlying  bone; 
other  features  of  the  astragalus  appear  to 
be  very  similar  to  those  of  ?Eiicosmodon 
sp.  (Granger  and  Simpson,  1929:  fig.  24B), 
and  therefore  it  is  likely  that  they  were 
similar  in  dorsal  aspect  also. 

The  astragalus  is  dorsoventrally  thicker 
medially  than  laterally.  The  calcaneoas- 
tragalar  facet,  situated  laterally  on  the 
plantar  surface  of  the  astragalus,  is  con- 
cave and  anteroposteriorly  elongate  with 
a  marginal  indentation  medially.  The  me- 
dial half  of  the  plantar  surface  is  occupied 
by  the  ventrolaterally  directed  sustentacu- 
lar  facet.  The  astragalar  foramen  pierces 
the  posterior  margin  of  the  astragalus  be- 
tween the  calcaneoastragalar  and  susten- 
tacular  facets.  A  canal,  formed  by  the  ap- 
position of  the  calcaneal  sulcus  and  the 
plantar  surface  of  the  astragalus,  is  a  con- 
tinuation of  the  astragalar  foramen.  The 
convex  naviculoastragalar  facet  on  the 
prominent  astragalar  head  passes  oblique- 
ly from  the  lateral  border  in  a  ventrome- 
dial and  then  a  posteroventral  direction. 
In  perpendicular  section  the  facet  is  con- 
cave and  thus  forms  a  saddle-shaped  joint 
with  the  navicular. 


The  right  pes  of  UA  9001  preserves  the 
navicular  in  approximately  articulated 
position.  The  facet  for  the  astragalus  is 
concave.  On  the  distal  surface  are  two  fac- 
ets; one  is  concave  and  articulated  directlv 
anteriorly  with  the  ectocuneiform  and  the 
other  appears  flatter  and  articulated  with 
the  mesocuneiform  distomedially.  Con- 
tact with  a  dorsoventrally  concave  facet 
on  the  cuboid  distolaterally  is  also  present. 

The  rectangular  cuboid  has  well-devel- 
oped facets  for  the  ectocuneiform  medi- 
ally, the  navicular  proximomedially, 
metatarsal  IV  distally,  and  metatarsal  V 
distolaterally.  The  facet  for  the  calca- 
neum, not  wholly  visible,  appears  to  be 
large  and  shallowly  concave,  and  extends 
onto  the  dorsal  aspect  of  the  cuboid  at  its 
proximolateral  corner. 

The  ectocuneiform  is  mediolaterally 
compressed.  Both  its  distal  and  proximal 
facets  for  metatarsal  III  and  the  navicular, 
respectively,  are  dorsoventrally  concave. 
The  ectocuneiform  contacts  the  mesocu- 
neiform via  an  oval  facet.  Along  the  prox- 
imal third  of  the  lateral  surface  is  an  elon- 
gate facet  for  the  cuboid. 

Only  the  dorsal  aspect  of  the  mesocu- 
neiform, which  is  rectangular  in  outline, 
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Figure  26.     Stereophotographs  of  calcanea  of  North  American  Multituberculata.  A)  UA  9001 ,  Ptilodus  kummae,  locality  UAR2g, 

dorsal  view  (left);  B)  AMNH  771 76,  IMesodma  primaeva.  Clambank  Hollow  locality,  dorsal  view  (left);  C)  MCZ  20782,  7Stygimys 
kuszmauli.  Bug  Creek  Anthills  locality,  medial  view  (left);  D)  MCZ  20784,  7Styglmys  kuszmauli.  Bug  Creek  Anthills  locality, 
lateral  view  (left);  E)  MCZ  20783,  Multituberculata  indet.,  Bug  Creek  Anthills  locality,  ventral  view  (right),  x  1.9. 


can  be  seen.  Anteroposteriorly  shorter  than 
the  ectocuneiform,  it  articulated  with  the 
navicular  proximally,  the  entocuneiform 
medially,  with  metatarsal  II  distally  (via  a 
slightly  concave  facet),  and  with  the  ec- 
tocuneiform laterally. 

The  laterally  compressed  entocunei- 
form is  the  longest  of  the  three  cunei- 
forms. The  proximal  facet  for  the  na- 
vicular is  shallowly  concave.  The 
saddle-shaped  distal  facet  for  the  hallucal 
metatarsal  is  concave  dorsoventrally  and 
convex  transversely.  The  ventral  projec- 
tion of  the  distal  facet  is  narrower  and 
more  slender  than  the  dorsal  projection. 
Granger  and  Simpson  (1929:  fig.  23)  re- 
constructed the  pes  of  ?Eucosmodon  with 
the  narrow  ventral  lip  of  the  entocunei- 
form in  a  dorsal  rather  than  plantar  po- 
sition. The  pes  of  Ptilodus  kummae  clear- 
ly shows  that  the  narrow  lip  of  the 
entocuneiform  is  ventral  in  position. 

Preserved  with  the  right  tarsus  of  UA 
9001  are  two  problematical  ossicles.  One 
probably  articulated  via  a  convex  facet 
with  the  proximal  terminus  of  the  ento- 
cuneiform and  its  position  indicates  that 
it  is  probably  a  tibiale  (Fig.  27 A).  Its  other 
articulations  are  uncertain  but  contact  with 
the  navicular  laterally,  and  perhaps  also 
with  the  astragalus  proximally,  is  possible. 
In  a  review  of  the  homologies  of  the  tib- 
iale,  Lewis    (1964)    pointed   out   that    in 


monotremes  the  tibiale  articulates  proxi- 
mally and  laterally  with  the  astragalus  and 
distally  with  the  navicular.  The  oblique 
orientation  of  the  navicular  in  UA  9001 
provides  potential  space  for  the  tibiale  to 
have  also  articulated  with  the  entocunei- 
form. 

A  second  problematical  ossicle  is  pre- 
served in  tight  articulation  with  the  distal 
articular  surface  of  the  fibula  (Fig.  27B). 
Onlv  the  medial  surface  of  the  bone  can 
be  seen;  it  is  oval  in  outline  and  quite 
small.  It  is  probably  not  a  sesamoid  bone 
because  of  its  position  on  the  medial  side 
of  the  distal  end  of  the  fibula.  More  than 
two  tarsalia  in  the  proximal  row  are  un- 
known among  mammals.  Early  workers 
(see  review  by  Lewis,  1964)  reported  the 
occurrence  of  a  third  proximal  bone  (the 
intermedium  tarsi)  in  pedes  of  several 
marsupials  as  well  as  in  humans  (the  os 
trigonum,  thought  to  represent  the  inter- 
medium tarsi).  Lewis  (1964:  207)  conclud- 
ed, however,  "that  the  so-called  marsupial 
intermedium  is  merely  a  lunula  within  an 
inter-articular  meniscus"  and  that  "there 
is  .  .  .  little  reason  for  regarding  the  anom- 
alous human  os  trigonum  as  an  interme- 
dium tarsi.  Perhaps  it  is  not  even  the  ho- 
mologue  of  the  marsupial  lunula,  and 
nothing  more  than  an  aberrant  ossification 
of  no  morphological  significance."  Al- 
though the  evidence  is  unclear,  the  ossicle 
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Figure  27.    Stereophotographs  of  the  right  pes  of  Ptilodus  kummae  (UA  9001)  in  A)  dorsal  and  B)  ventral  views.  ■  4.3. 

Abbreviations:  ast,  astragalus;  cal.  calcaneum;  Cd.  caudal  vertebra;  cu.  cuboid;  ect.  ectocunelform;  ent.  entocuneiform;  lun. 
lunula;  mes.  mesocuneiform;  met  I,  V,  first  and  fifth  metatarsals;  nav,  navicular;  tibe.  tibials. 
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Table  L     Limb  measurements  (mm.)  of  UA  9001  {Ptilodtis  kummae). 


Digit 


111 


IV 


Metatarsal  length 
Proximal  phalan.x  length 
Middle  phalanx  length 
Distal  phalanx  length 

Length  of  right  femur 

Length  of  left  femur 

Length  of  right  tibia 

Length  of  right  fibvila 

Length  of  right  ilium 
(from  anterior  rim  of 
acetabulum  to  anterior  tip) 


6.9* 


3.3 


0.4 

n.8 

11.2 

7.8 

6.4 

6.2 

6.3 

4.5 

5.7 

5.7 

5.5 

3.8 

3.6 

3.4 

3.5 

3.3 

36.4 
36.0 

28.8 
25.4 

28.4 


Approximate. 


associated  with  the  distal  fibula  of  P.  kum- 
mae is  here  interpreted  to  be  a  lunula. 

The  relative  lengths  of  the  metatarsals 
are  III  >  IV  >  II  >  V  >  I. 

The  proximal  articular  facet  of  the  hal- 
lucal  metatarsal  is  saddle-shaped  (dorso- 
ventrally  convex,  transversely  concave). 
The  distally  directed  ventral  lip  of  the  en- 
tocuneiform  lies  between  two  proximo- 
ventrally  directed  processes  of  the  hallu- 
cal  metatarsal,  the  medial  one  of  which  is 
larger.  The  shaft  of  metatarsal  I,  as  in  all 
the  metatarsals,  is  somewhat  dorsoven- 
trally  compressed.  The  distal  articular  sur- 
face cannot  be  seen. 

Metatarsals  II,  III,  and  IV  are  basically 
similar  except  in  length  and  in  the  shape 
of  the  proximal  bases,  which  become  pro- 
gressively wider  from  II  to  IV.  Metatarsal 

V  bears  a  prominent,  rounded  lateral  pro- 
jection just  distal  to  the  proximal  facet 
where  a  peroneal  or  short  abductor  ten- 
don may  have  inserted.  The  proximal  ar- 
ticular surfaces  of  metatarsals  II  to  IV  are 
dorsoventrally  convex;  that  of  metatarsal 

V  is  a  flat,  dorsoventrally  elongate  facet 
on  the  proximomedial  corner  of  the  bone. 

An  oblique  groove  between  the  ap- 
posed medial  side  of  metatarsal  III  and 
the  lateral  side  of  metatarsal  II,  just  distal 
to  the  proximal  bases,  probably  provided 
passage  for  a  perforating  metatarsal  ar- 
tery from  the  dorsal  to  the  plantar  aspect 
of  the  hind  foot. 

Two  oval  plantar  sesamoids  are  associ- 


ated with  the  distal  ends  of  metatarsals  IV 
(left  pes)  and  V  (right  pes),  whereas  a  con- 
joined one  is  present  on  metatarsal  II  (left 
pes). 

Pedal  phalanges  of  all  ten  digits  are 
preserved.  The  proximal  and  middle  pha- 
langes of  the  digits  are  all  similar  except 
in  length  (Table  1),  and  are  of  a  typically 
mammalian  pattern.  The  proximal  artic- 
ular surfaces  of  proximal  phalanges  are 
concave.  The  distal  articular  ends  of  the 
proximal  phalanges  (except  I)  are  well- 
rounded  dorsoventrally  and  only  slightly 
convex  in  a  transverse  plane;  those  of  the 
middle  phalanges  and  proximal  hallucal 
phalanx  have  a  prominent  trochlea  to  ac- 
commodate the  distal  phalanges.  The  shaft 
of  each  proximal  and  distal  phalanx  tapers 
distally  and  is  elliptical  in  cross  section. 
Several  plantar  sesamoids  are  associated 
with  the  phalanges  of  both  pedes. 

Distal  phalanges  of  the  pes  are  similar 
in  structure  to  those  of  the  manus  but  are 
considerably  more  elongate. 

Other  Material — ?Eiicosmodon  sp.  (AMNH 
16325),  nearly  complete  right  and  left  pedes;  ?CiTn- 
exornys  minor  (UMVP  1430),  left  calcaneum;  ?Men- 
iscoessus  major  (AMNH  77264),  left  calcaneum; 
?Mesodma  sp.  (UMVP  1432),  right  calcaneum;  ?Me- 
sodma  primaeva  (AMNH  77176),  left  calcaneum; 
?Stygimys  ktiszmaiili  (UMVP  1433),  right  calca- 
neum; ?S.  kuszmaidi  (MCZ  20792,  MCZ  20784),  left 
calcanea;  Multituberculata  indet.  (PU  14487),  left 
calcaneum;  Multituberculata  indet.  (MCZ  20783), 
right  calcaneum;  Multituberculata  indet.  (UM  72711), 
left  astragalus. 
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The  hind  feet  of  ?Eucosmodon  sp. 
(AMNH  16325),  first  described  by  Gran- 
ger and  Simpson  (1929),  represent  the  best 
available  material  for  interpreting  the 
posture  and  movements  of  a  multituber- 
culate  foot.  The  right  foot  appears  to  lack 
only  the  mesocuneiform  and  various  pha- 
langes (the  ectocuneiform  is  present,  con- 
trary to  Granger  and  Simpson,  1929).  The 
left  foot  lacks  the  astragalus,  entocunei- 
form,  metatarsal  I,  and  some  phalanges. 
It  is  unnecessary  to  recapitulate  Granger 
and  Simpson's  morphological  description, 
except  to  note  that  in  their  Figure  23  the 
entocuneiform  is  upside  down  and  the 
hallux  is  depicted  in  a  relatively  adducted 
posture.  The  articular  surfaces  indicate 
that  in  the  neutral  position  the  hallux  was 
divergent,  probably  on  the  order  of  30° 
from  the  axis  of  metatarsal  III. 

Marsh  (1889)  described  a  calcaneum 
and  an  astragalus  (YPM  10639)  that  he 
believed  were  from  a  multituberculate. 
Although  doubts  have  been  cast  on  the 
identity  of  other  postcranial  bones  that 
Marsh  referred  at  the  same  time  to  the 
Multituberculata  (see  above),  McKenna 
(1961)  agreed  with  Marsh's  allocation  of 
the  two  tarsals.  Our  opinion  is  that  the 
calcaneum  could  well  be  that  of  a  multi- 
tuberculate, but  in  several  features  (e.g., 
the  vestigial  nature  of  the  sustentaculum) 
it  is  unlike  any  other  multituberculate.  The 
astragalus  is  very  different  from  that  of 
Ptilodus  and  ?Eucosmodon. 


OSTEOLOGY  OF  THE  POSTCRANIAL 
AXIAL  SKELETON 

Thoracic  Series 
(Figures  3,  6) 

UA  9001 — At  least  six  and  possibly  sev- 
en posterior  thoracic  vertebrae  are  pre- 
served in  UA  9001;  none  of  the  anterior 
thoracics  or  cervical  vertebrae  were  re- 
covered. The  preserved  thoracic  verte- 
brae are  variously  disarticulated,  crushed, 
and  fragmented. 


The  centra  in  the  posterior  part  of  the 
thoracic  series  are  compressed  dorsoven- 
trally.  The  anterior  end  of  each  centrum 
is  transversely  elongate;  the  ventral  half 
of  the  articular  surface  is  recessed,  and  the 
dorsal  half  bulbous.  The  posterior  articu- 
lar end  is  almost  circular  in  outline,  except 
for  a  slight  dorsal  flattening,  and  is  shal- 
lowly  concave.  The  sides  of  the  anterior 
end  extend  as  lips  to  accommodate  the 
rounded  lateral  margins  of  the  preceding 
centrum.  Below  the  lip,  on  the  ventrolat- 
eral margin  of  the  anterior  end,  is  a  costal 
facet  for  the  rib  head.  On  one  of  the  more 
posterior  thoracic  vertebrae,  a  costal  facet 
appears  to  have  been  developed  on  the 
ventrolateral  margin  of  the  posterior  end, 
and  thus  the  capitular  articulation  was  in- 
tervertebral. Two  shallow  fossae,  separat- 
ed by  a  median  crest,  mark  the  ventral 
surface  of  each  of  the  thoracic  centra. 

The  pedicles  are  shorter  than  the  lam- 
inae and  the  vertebral  canal  is  conse- 
quently transversely  elliptical.  Low  cir- 
cular diapophyses  are  situated  near  the 
anterior  margin  of  the  pedicles.  On  the 
more  anterior  thoracics,  they  are  protu- 
berant and  dorsally  situated;  on  the  pos- 
terior thoracics,  diapophyses  are  devel- 
oped on  the  pedicle-centrum  junction. 
Stout  anapophyses  project  caudad  from  the 
posterior  margins  of  the  pedicles. 

Spinous  processes  in  the  posterior  tho- 
racic series  and  anterior  lumbar  series  are 
triangular  in  cross  section,  the  acute-an- 
gled apex  of  the  triangle  being  situated 
along  the  anteroventral  margin.  These 
processes  were  of  low  enough  inclination 
to  lie  between  the  posterodorsally  directed 
postzygapophyses  of  the  preceding  verte- 
bra. The  precise  position  of  the  anticlinal 
vertebra  cannot  be  determined.  One  tho- 
racic vertebra  has  a  spinous  process  which, 
although  comminuted,  appears  to  be  in 
place  and  is  more  or  less  vertical.  Two 
other  thoracic  vertebrae  (assuming  seven 
lumbars),  exhibit  evidence  of  anteriorly 
inclined  spinous  processes.  The  anticlinal 
vertebra  must  therefore  have  been  located 
anterior  to  the  penultimate  thoracic. 
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Figure  28.     Stereophotographs  of  lumbar  vertebrae  of  7Eucosmodon  sp.  (AMNH  16325)  in  A)  anterior,  B)  right  lateral,  and  C) 
dorsal  (anterior  is  to  left)  views,  a  1 .0. 


The  zygapophyses  are  robust  and  pro- 
tuberant; the  concave  prezygapophyseal 
facets  face  dorsomedially,  the  convex 
postzygapophyseal  facets  ventrolaterally. 
Low  ridges,  one  passing  anteriorly  from 
the  dorsal  aspect  of  each  postzygapophy- 
sis,  converge  along  the  dorsolateral  mar- 
gins of  the  neural  spine,  and  meet  at  the 
spine's  distal  terminus. 

Lumbar  Series 
(Figures  4,  5,  7,  8,  28;  Table  2) 

UA  9001 — At  least  seven  and  possibly 
eight  lumbar  vertebrae  are  preserved;  the 
last  six  are  articulated.  The  thoracolumbar 
transition  cannot  be  determined  because 
of  postmortem  damage. 

The  centra  of  anterior  lumbar  verte- 
brae are  wider  than  deep,  as  in  posterior 
thoracics.  Posteriorly  the  lumbar  centra 
appear  to  become  increasingly  longer  and 
wider,  with  the  exception  of  the  last  lum- 
bar, which  is  shorter  but  wider  than  L6 
(L7?).  Transverse  processes  extend  antero- 
ventrolaterally  and  become  longer  and 
broader  toward  the  sacrum.  The  trans- 
verse processes  of  the  last  lumbar,  how- 
ever, are  laterally  directed. 

Midventral  keels  are  larger  on  anterior 
lumbar  vertebrae  than  on  the  posterior 
thoracics.  They  appear  to  be  absent  on  the 
posterior  lumbar  vertebrae.  From  anterior 


to  posterior  the  spinous  processes  of  the 
lumbars  become  more  slender  and  more 
erect  although  an  anterodorsal  inclination 
is  maintained.  The  zygapophyses  become 
more  robust  and  more  widely  spaced  to- 
ward the  sacrum. 

Other  Material — ?Eucosmodon  sp.  (AMNH 
16325),  three  nearly  complete  lumbar  vertebrae; 
Stygimijs  teilhardi  (AMNH  16024),  three  lumbar 
centra. 

The  spinous  processes  on  the  lumbar 
vertebrae  of  ?Eucosmodon  sp.  (AMNH 
16325)  (Fig.  28)  are  more  or  less  vertical 
and,  in  one,  the  spinous  process  appears 
to  be  inclined  slightly  posteriorly  (Gran- 
ger and  Simpson,  1929).  This  feature,  as 
well  as  the  well-developed  transverse  pro- 
cesses, indicate  that  the  lumbar  vertebrae 
preserved  in  this  specimen  are  probably 
well  posterior  in  the  series.  The  centra  are 
approximately  circular  in  cross  section. 

Sacral  Series 
(Figures  5,  8) 

UA  9001 — The  first  sacral  vertebra  is 
slightly  shorter  than  the  last  lumbar  and 
bears  robust  transverse  processes  that  are 
directed  laterally  and  slightly  posteriorly. 
The  anterior  half  of  the  terminus  expands 
to  form  an  articular  facet  for  the  ilium; 
the  thin,  emarginated  posterior  half  is  ap- 
parently nonarticular.  The  posterior  end 
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Table  2.     Vertebral  measurements  (mm.)  of  UA  9001  {Ptilodus  kummae). 


Length  pre- 

Length 

Width 

W.dtli 

Width  tr 

\'ertebra 

to  postzyga. 

centrum 

prez\ ga 

postzNga 

processes 

LI  (L2?) 

7.3 



5.4 

4.4 

7.1* 

L2  (L3?) 

8.0 



5.7* 

4.4* 

8.8* 

L3  (L4?) 

— 



— 

4.7* 

10.4* 

L4  (L5?) 

8.2* 



6.1* 

5.1* 

— 

L5  (L6?) 

8.3* 



6.2* 

5.8* 

13.6* 

L6  (L7?) 

— 



— 

— 

14.9* 

L7  (L8?) 

— 



— 

6.2* 

19.0* 

S2 

— 



— 

— 

9.3* 

Cdl 

— 

3.9* 

— 

— 

8.6* 

Cd2 

6.2 

— 

5.6 

4.5 

— 

Cd3 

6.3 

— 

5.7 

4.2 

10.8* 

Cd4 

6.5 

— 

5.6 

3.9* 

— 

Cd5 

7.8 

— 

— 

— 

9.9* 

Cd6 

— 

8.5* 

— 

— 

9.4* 

Cd7 

— 

10.7 

— 

— 

8.0* 

Cd8 

— 

11.0* 

— 

— 

— 

Cd9 

— 

11.2* 

— 

— 

— 

CdlO 

— 

11.4* 

— 

— 



Cdl8^ 

— 

6.9 

— 

— 



Cdl9? 

— 

6.2 

— 

— 



Cd20? 

— 

5.7 

— 

) 



Cd21?' 

— 

5.0 

— 



Cd22? 

— 

4.1 

— 

— 



Cd23? 

— 

3.4 

— 

— 



Cd24? 

— 

29* 

— 

— 

— 

Appro.ximate. 


of  the  centrum  is  expanded  transversely, 
but  is  not  synostosed  with  the  centrum  of 
S2. 

The  second  sacral  vertebra  is  firmly 
synostosed  with  S3.  The  transverse  pro- 
cesses of  S2  are  oriented  anterolaterally.  A 
prominent  pair  of  ventral  foramina  occur 
on  the  ventral  surface  of  the  S2  centrum. 

The  suture  between  S2  and  S3  is  not 
visible.  As  preserved,  most  of  S3  and  its 
articulation  with  the  ne.xt  posterior  cen- 
trum are  obscured  ventrally  by  the  pro.x- 
imal  end  of  the  left  femur.  Dorsally,  it 
appears  that  the  centrum  of  S3  is  fully 
fused  with  the  next  posterior  one,  indicat- 
ing that  the  specimen  has  four  sacral  ver- 
tebrae. 

At  least  on  S3  and  S4  the  neural  spines 
are  prominent  and  erect.  The  centrum  of 
S4  is  elongate  and  relatively  narrow  trans- 
versely; the  distal  extremities  of  the  trans- 
verse processes  are  missing.  A  large  nu- 
trient   foramen    occurs    on    the    ventra 


surface  just  posterior  to  the  middle.  Sev- 
eral foramina  are  present  in  the  transverse 
processes  of  S4,  but  do  not  appear  to  be 
developed  in  other  sacrals.  A  fragmentary 
haemal  arch  is  preserved  in  articulation 
with  the  posteroventral  margin  of  the  cen- 
trum of  S4.  The  distal  part  of  the  arch  is 
broken  away. 

Other  Material — Stygiri^ys  teilhardi  (AMNH 
16024),  sacral  fragment  consisting  of  parts  of  two 
fused  \ertebrae  (SI?  and  S2?). 


Caudal  Series 

(Figures  3-8;  Table  2) 

UA  9001 — P.  kummae  possesses  at  least 
five,  and  probably  six,  anterior  caudal  ver- 
tebrae (sensti  Lessertisseur  and  Saban, 
1967). 


1  The  transverse  processes  of  Cdl  to  Cd5 


PosTCRANiAi.  Skeleton  of  Multituberculates  •  Krause  and  Jenkins        233 


arise  from  almost  the  entire  length  of  the 
centra  and  are  directed  anterolaterally 
(Figs.  5,  8).  On  succeeding  caudal  verte- 
brae transverse  processes  become  progres- 
siveK  smaller  and  more  laterally  oriented. 
A  foramen  pierces  the  posterior  base  of 
each  transverse  process  of  the  anterior 
caudals. 

The  centrum  of  Cdl  is  only  slightly 
longer  than  w  ide.  The  remaining  anterior 
caudal  vertebrae  become  progressively 
longer,  the  largest  increase  occurring  from 
Cd4  to  Cd5  (Table  2).  The  zygapophyses 
of  Cdl  to  Cd4  are  large;  on  Cd5  they  are 
small  and  on  Cd6  the  prezygapophyses  are 
much  reduced  and  the  postzygapophyses 
rudimentary.  The  prezygapophyseal  fac- 
ets of  the  anterior  caudals  are  saddle- 
shaped,  that  is,  convex  anteroposteriorly 
and  concave  transversely.  As  a  whole,  they 
are  posteriorly  inclined  at  a  small  angle  to 
the  horizontal.  The  spinous  processes  of 
Cdl  to  Cd4  are  erect,  centrally  located, 
and  decrease  progressively  in  height  pos- 
teriorly such  that  the  process  of  Cd5  ap- 
pears to  be  an  elongate,  low,  sagittal  crest 
(it  may,  however,  be  broken). 

The  haemal  arches  ventral  to  the  ante- 
rior caudal  vertebrae  are  relatively  large. 
The  haemal  canals  are  triangular,  the  api- 
ces being  directed  ventrally.  The  spinous 
processes  ventral  to  the  canals  are  laterally 
compressed,  spatulate  in  side  view,  and 
nearly  perpendicular  to  the  centra  in  ori- 
entation. Further  posteriorly,  the  spinous 
processes  become  progressively  less  per- 
pendicular, projecting  anteroventrally  un- 
til, at  about  CdlO,  they  are  nearly  parallel 
to  the  centra.  The  haemal  spine  between 
Cd6  and  Cd7  differs  from  those  described 
above  in  being  dorsoventrally  rather  than 
laterally  compressed;  the  distal  end  is 
evenly  rounded. 

The  proximal  posterior  caudal  verte- 
brae (Cd6-Cdl0)  (an  anterior  fragment  of 
Cdll  is  also  present)  increase  in  length 
posteriorly,  that  is,  the  longest  caudal  ver- 
tebra is  CdlO  or  is  posterior  to  CdlO.  Cd7 
to  CdlO  bear  anterior  paired  mammillary 
processes,  transverse  processes,  a  low, 
elongate  spinous  process,  and  paired  an- 


teroventral  processes  for  articulation  with 
the  haemal  arches.  All  these  features  de- 
crease in  size  posteriorly.  The  centra  are 
elongate  and  cylindrical,  expanding 
slightly  at  their  extremities.  The  haemal 
spines  posterior  to  Cd7  are  dorsoventrally 
compressed  and  bear  a  sagittal,  U-shaped 
notch  on  the  distal  end,  rather  than  being 
evenly  rounded  as  on  Cd6. 

The  positions  of  the  three  caudal  ver- 
tebrae recovered  by  washing  and  screen- 
ing are  uncertain.  However,  for  ease  of 
reference,  these  vertebrae  are  tentatively 
identified  as  Cdl6,  Cdl8,  and  Cdl9.  The 
processes  and  crests  observed  on  Cd7  to 
CdlO  are  only  slightly  developed  on  these 
caudals.  In  lateral  view,  the  centra  are 
dorsally  concave  and  ventrally  convex. 

The  end  of  the  tail  is  preserved  in  UA 
9001  and  the  individual  centra  are  tenta- 
tively identified  as  Cd20  to  Cd26  (Figs.  3, 
6).  Haemal  arches  on  Cd20  to  Cd24  are 
slender  structures  that  lie  parallel  to  and 
beneath  the  centra.  Each  is  incised  with 
V-shaped  notches  proximally  and  distally, 
the  latter  being  the  deeper. 

The  length  of  the  tail  can  be  estimated 
with  some  confidence.  Twenty-one  com- 
plete or  partial  caudal  vertebrae  were  re- 
covered. In  view  of  the  disparity  in  lengths 
between  the  articulated  tenth  caudal  ver- 
tebra and  the  distal  caudals  (Table  2),  we 
estimate  that  the  tail  had  at  least  24  and 
possibly  as  many  as  28  vertebrae.  The  sum 
total  of  the  measured  and  estimated 
lengths  of  the  21  known  vertebrae  is  ap- 
proximately 130  mm.  CdlO  is  11.4  mm  in 
length,  and  the  next  distal  caudal  pre- 
served (Cdl6?)  is  a  disarticulated  speci- 
men that,  although  one  end  is  broken, 
could  have  been  no  longer  than  8.5  mm. 
Assuming  a  relatively  large  gradational 
length  change  of  1  mm,  the  total  length 
of  the  tail  would  have  been  150  mm  with 
23  vertebrae.  However,  gradational  length 
changes  in  the  two  "articulated"  series  of 
posterior  caudal  vertebrae  are  less  than  1 
mm.  It  is  likely,  therefore,  that  at  least 
three  vertebrae  are  missing,  and  that  min- 
imum tail  length  was  about  160  mm.  Giv- 
en the  gradual  increase  in  length  in  the 
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Cd6-Cdl0  series,  and  assuming  the  un- 
likelihood of  an  abrupt  reversal  in  gradi- 
ent, the  tail  may  be  estimated  to  have 
been  180  mm  or  more  in  length. 

Other  Material — '^  Eucosmodon  sp.  (AMNH 
16325),  one  anterior  and  four  or  five  posterior  caudal 
vertebrae,  plus  many  fragments;  Stygimys  teilhardi 
(AMNH  16024),  numerous  fragments  of  caudal  cen- 
tra. 

Like  those  of  Ptilodus  kummae,  the 
known  caudal  vertebrae  of  ?Eiicosmodon 
sp.  and  Stygimys  teilhardi  are  large  and 
robust,  and  indicate  rather  long  and  heavy 
tails. 


Ribs 

(Figures  3,  6) 

UA  9001 — Fragments  of  at  least  fifteen 
ribs,  belonging  to  both  left  and  right  sides, 
are  preserved.  Several  ribs  are  nearly 
complete  and  well  preserved.  On  anterior 
ribs,  the  head  is  separated  from  the  tu- 
bercle by  a  neck;  the  articular  facet  of  the 
head  is  crescentic  in  outline,  whereas  the 
tubercular  facet  is  larger  and  circular.  The 
rib  shafts  are  elliptical  in  cross  section. 


FUNCTIONAL  ANATOMY 

The  postcranial  skeleton  of  multituber- 
culates  possesses  a  number  of  unusual  and 
even  unique  features.  These  include  a 
scapulocoracoid  with  a  reduced  coracoid 
but  without  a  supraspinous  fossa,  an  en- 
larged prepollex,  a  dorsally  emarginate 
acetabulum,  a  postobturator  foramen 
within  the  ischiopubic  symphysis,  a  large 
parafibula,  a  slender,  ventrally  directed 
lateral  flange  on  the  proximal  end  of  the 
fibula,  a  deep  excavation  posteriorly  be- 
neath the  proximal  articular  surface  of  the 
tibia,  the  structure  of  the  tarsus  and  par- 
ticularly that  of  the  astragalus  and  calca- 
neum,  and  thoracic  centra  in  which  the 
anterior  epiphysial  surface  is  recessed 
ventrally  and  bulbous  dorsally. 

In  this  section  we  attempt  to  assess  those 
features  that  may  be  interpreted  by  com- 


parison with  analogous  conditions  in  other 
mammals.  The  functional  significance  of 
many  features,  however,  remains  open  to 
speculation  for  lack  of  adequate  compar- 
ative or  experimental  data. 

Shoulder 

The  scapulocoracoid  of  multitubercu- 
lates  is  well  advanced  beyond  that  in  mor- 
ganucodontids  (Jenkins  and  Weijs,  1979). 
The  coracoid  is  reduced  to  a  beak-like 
process  and  would  not  have  restricted  the 
excursion  of  the  shoulder  by  virtue  of  a 
sternal  articulation  (as  is  the  case  in  mono- 
tremes,  and  possibly  in  morganucodon- 
tids).  The  glenoid  fossa  is  directed  largely 
inferiorly  as  in  advanced  mammals.  Fur- 
thermore, the  glenoid  appears  to  be  rela- 
tively small. 

The  relative  size  and  shape  of  the 
glenoid  and  humeral  head  are  the  critical 
features  for  reconstructing  excursions  at 
the  glenohumeral  joint.  Unfortunately,  an 
associated  scapulocoracoid  and  humerus 
are  unknown  for  any  North  American  mul- 
tituberculate,  and  even  proximal  humeri 
are  rare  (despite  abundant  distal  humeri 
in  collections  from  the  Bug  Creek  Anthills 
locality).  The  humeral  head  of  Ptilodus 
montanus  (USNM  6076)  is  damaged  and 
broken  from  the  shaft  (Fig.  11H,I)  and 
cannot  be  reconstructed  accurately.  How- 
ever, another  proximal  humerus  that  we 
have  tentatively  identified  as  ? Ptilodus 
montanus  (USNM  9735;  Fig.  11A,B,C)  is 
basically  similar  to  that  of  Tugrigbaatar 
saichanensis  from  the  Late  Cretaceous  of 
Mongolia  (Kielan-Jaworowska  and  Dash- 
zeveg,  1978).  The  head  in  both  is  hemi- 
spheroidal  and  reflected  dorsalK  .  Kielan- 
Jaworowska  and  Dashzeveg  (1978:  124) 
note  that  "other,  undescribed  multituber- 
culate  humeri  from  Mongolia  in  the  (Zak- 
lad  Paleobiologii)  collection,  belonging  to 
the  genera  ?Kryptobaatar  and  Chulsan- 
haatar,  show  similar  prominence  of  the 
head."  These  findings  contrast  to  Simp- 
son's (1928a)  reconstruction  of  the  hu- 
meral head  of  Catopsalis  matthewi 
(AMNH  20440,  also  from  the  Late  Cre- 


POSTCRANIAL  SKELETON  OF  MuLTiTUBERCULATES  •  Krause  and  Jenkins        235 


taceous  of  Mongolia),  w  hich  depicts  a  rel- 
atively flat  head  more  or  less  centered  on 
the  proximal  end  and  not  reflected  dor- 
sally.  However,  our  reexamination  of  the 
specimen  reveals  that  the  margin  of  the 
head  adjoining  the  dorsal  (extensor)  sur- 
face of  the  shaft  has  been  lost.  Were  the 
missing  part  present,  the  humeral  head  of 
C.  matthcwi  would  resemble  the  pattern 
known  from  other  multituberculates. 

Thus,  on  present  evidence,  multituber- 
culates appear  to  have  had  considerable 
disparity  in  size  between  the  glenoid  and 
bulbous  humeral  head,  indicating  "...  the 
possibility  of  extensive  flexibility  of  move- 
ments of  the  forelimb  upon  the  scapula" 
(Clemens  and  Kielan-Jaworowska,  1979: 
117).  Our  assessment  is  that  multituber- 
culate  shoulder  posture  and  mobility  were 
comparable  to  those  of  modern  therians. 

Jenkins  and  Weijs  (1979)  have  suggest- 
ed that  the  anterior  surface  of  the  large 
scapular  spine  of  multituberculates  may 
have  served  as  the  origin  of  a  muscle 
equivalent  to  the  supraspinatus.  Such  a  re- 
construction is  consistent  with  the  hypoth- 
esized mobility  of  the  shoulder,  for  the 
supraspinatus,  infraspinatus,  and  subscap- 
ularis  are  the  primary  muscles  responsible 
for  the  integrity  of  the  mammalian  gleno- 
humeral  joint  which  otherwise  has  little 
structural  stability. 

Elbow 

Jenkins  (1973)  suggested  that  the  spiral, 
condylar  form  of  the  multituberculate 
humero-ulnar  joint  allowed  the  forearm  to 
extend  in  a  sagittal  plane  as  the  humerus 
underwent  rotation,  adduction,  and  re- 
traction during  the  propulsive  phase. 
Inasmuch  as  similar  excursions  are  accom- 
modated by  the  spiral,  trochlear  humero- 
ulnar  joint  of  primitive  therians,  the  sig- 
nificance of  the  difference  between  the 
condylar  and  trochlear  joint  types  is  un- 
clear. It  is  known  that  the  trochlear  type 
virtually  restricts  humero-ulnar  move- 
ment to  flexion-extension.  Sloan  and  Van 
Valen  (1965:  222)  asserted  that  ulnar 
movements  in   multituberculates  were 


"restricted  to  a  single  plane  by  the  shapes 
of  the  trochlea  and  semilunar  notch"  (see 
also  Van  Valen  and  Sloan,  1966).  In  order 
to  demonstrate  this,  however,  a  detailed 
analysis  of  the  joint  surfaces  of  an  associ- 
ated humerus,  ulna,  and  radius  must  be 
undertaken.  It  seems  more  likely  that  the 
condylar  humero-ulnar  joint  may  have 
provided  for  a  second  degree  of  freedom 
(rotation),  a  movement  that  Recent  mono- 
tremes  probably  employ  with  a  similar 
type  of  joint. 

The  bulbous  capitulum  and  the  spheric- 
ity of  the  proximal  articular  surface  of  the 
radius  are  evidence  that  multituberculates 
were  capable  of  pronation-supination.  The 
fact  that  the  proximal  radial  facet  for  the 
ulna  extends  some  90°  around  the  head 
indicates  this  capability  to  have  been  sub- 
stantial. 

Manus 

A  sesamoid  on  the  radial  side  of  the 
wrist  (usually  between  the  scaphoid  and 
trapezium)  occurs  commonly  in  mammals 
(von  Bardeleben,  1894;  Davis,  1964).  Usu- 
ally small  in  size  (as  in  primates,  pro- 
cyonids,  and  ursids),  the  radial  sesamoid 
is  associated  with  various  muscles  (e.g.,  the 
tendon  of  the  abductor  pollicis  longus  in 
dogs;  Evans  and  Christensen,  1979;  the 
palmaris  longus,  abductor  pollicis  brevis 
and  longus,  and  opponens  pollicis  of  Ail- 
iiropoda;  Davis,  1964).  In  certain  taxa, 
however,  the  radial  sesamoid  is  enlarged 
to  serve  specialized  functions  of  the  ma- 
nus and  is  referred  to  as  a  prepollex.  An 
enlarged  prepollex  anchors  the  patagium 
in  flying  squirrels  (Petaiirista) ,  augments 
the  fossorial  capabilities  of  talpids  (e.g., 
Talpa)  and  lemmings  (Lemmus,  Dicros- 
tonijx),  and  provides  additional  prehen- 
sion in  some  carnivores  (e.g.,  Ailuropoda, 
Potos).  The  prepollex  of  Ptilodus  kiim- 
niae  is  slightly  over  half  the  length  of  the 
pollical  metacarpal,  and  is  large  enough 
to  have  extended  the  palmar  grip. 

The  pollex  of  P.  kinnmae,  although  di- 
vergent, appears  to  have  been  limited  in 
its  movement  largely  to  flexion-extension. 
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Figure  29.  A  reconstruction  of  the  pelvis  and  hip  in  ?Eucos- 
modon  sp.  (based  principally  on  AMNH  16325)  showing  the 
relation  of  the  fovea  capitis  femoris  (black  dot)  within  the  ace- 
tabular fossa.  The  right  pelvis  Is  rendered  from  medial  aspect 
and  as  If  it  were  transparent.  Dark  cross-hatching  Indicates 
the  known  extent  of  the  pelvic  symphysis;  light  cross-hatch- 
ing represents  reconstructed  symphyslal  area.  Note  that  the 
dorsal  margin  of  a  postobturator  foramen  is  present.  '-1.1. 


The  pollical  carpo-metacarpal  joint  is  not 
saddle-shaped.  The  proximal  surface  of 
metacarpal  I  is  broad  and  articulated  with 
flat  facets  on  the  distal  surfaces  of  the  tra- 
pezium and  trapezoid  and  the  proximo- 
medial  surface  of  metacarpal  II. 

Pelvis  and  Hip 

Van  Valen  and  Sloan  (1966:  276)  cited 
a  "dorsally  open"  acetabulum  among  the 
several  postcranial  features  of  multituber- 
culates  that  they  hypothesized  to  be  in- 
ferior to  the  therian  condition.  They  con- 
cluded that  the  femur  must  have  been 
"held  in  articulation  only  by  muscles  in 
this  direction.  This  suggests  a  near  or  com- 


plete lack  of  ricochetal  or  gliding  habits 
among  multituberculates  and  may  have 
permitted  at  most  only  a  low  possibility 
of  arboreal  activity."  Our  assessment  of 
this  feature  is  different.  A  number  of  the- 
rian joints,  most  notably  the  glenohumer- 
al,  rely  largely  on  muscles  for  stabiliza- 
tion; those  that  function  in  this  manner 
are  typically  highly  mobile.  It  is  possible, 
therefore,  that  the  absence  of  bone  around 
the  dorsal  aspect  of  the  multituberculate 
acetabulum  provided  for  an  unusual  de- 
gree of  femoral  mobility,  particularly  in 
abduction.  Elftman  (1929)  noted  that  in 
certain  arboreal  marsupials,  most  notably 
in  the  gliding  phalanger  Petauroides,  the 
dorsal  margin  of  the  acetabulum  is  incised 
to  facilitate  femoral  abduction.  We  think 
it  likely  that  at  least  part  of  the  dorsal 
"hiatus"  of  multituberculates  was  closed 
by  fibrocartilaginous  tissue  such  as  typi- 
cally occurs  in  mammals  (the  acetabular 
labrum)  and  bridged  the  acetabular  notch 
as  the  transverse  ligament.  Thus  recon- 
structed, multituberculates  possessed  a 
relatively  shallow  acetabulum,  indicative 
of  highly  mobile  hind  limbs  (see  Jenkins 
and  Camazine,  1977). 

The  position  of  the  fovea  capitis  femor- 
is on  the  femoral  head  indicates  that  mul- 
tituberculates employed  an  abducted 
femoral  posture.  The  fovea  represents  the 
point  of  attachment  of  the  ligamentum 
capitis  femoris  which  is  confined  within 
the  acetabular  fossa;  displacements  of  the 
fovea  observed  in  various  mammals  are 
related  to  differences  in  femoral  posture 
and  excursion  (Jenkins  and  Camazine, 
1977).  In  multituberculates,  the  fovea  is 
located  on  the  ventral  (flexor)  side  of  the 
head.  Assuming  that  the  acetabulum  and 
acetabular  fossa  are  aligned  more  or  less 
in  a  sagittal  plane,  such  a  location  of  the 
fovea  requires  that  the  femur  be  consid- 
erably abducted  (Fig.  29).  In  a  neutral 
posture  the  long  axis  of  the  femur  is  esti- 
mated by  this  method  to  lie  at  about  45° 
to  the  median  plane. 

The  postobturator  foramen,  unknown 
in  any  other  order  of  mammals,  is  open 
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to  speculation  in  terms  of  its  function.  The 
lateral  surface  of  the  ischium  in  mammals 
is  typically  the  site  of  origin  of  muscles 
that  adduct  or  externalK  rotate  the  femur. 
The  postobturator  foramen  is  located 
within  the  symphysis  along  the  ventral 
margin  of  the  ischium;  it  does  not  com- 
municate with  the  pelvic  cavity.  In  this 
region  it  is  logical  to  reconstruct  the  at- 
tachment of  femoral  adductors.  In  com- 
parison w  ith  the  pelvis  of  other  mammals, 
the  multituberculate  ischium  presents  an 
unusually  broad  area  for  muscle  attach- 
ment. It  is  possible  that  the  stress  of  op- 
posing adductors  along  the  ventral  margin 
of  the  ischium  is  responsible  for  the  fenes- 
tration. A  functionally  analogous  situation 
may  be  with  the  true  obturator  foramen 
where  the  obturator  externus  and  internus 
act  from  opposite  sides  of  a  common 
membrane. 

Kielan-Jaworowska  (1979)  analyzed  the 
possible  relationship  between  pelvic  struc- 
ture and  reproduction  in  a  Cretaceous 
multituberculate  {Kryptobaatar  dashzev- 
egi)  from  Mongolia.  Noting  the  overall 
relative  narrowness  of  the  pelvis,  the  acute 
angle  of  intersection  between  the  two 
sides,  and  the  extensive  fusion  along  the 
keel-like  ischiopubic  symphysis,  she  cal- 
culated the  dimensions  of  the  pelvic  outlet 
which  led  her  to  the  conclusion  that  mul- 
tituberculates  were  viviparous  and  had 
extremely  small  neonates. 

Knee 

Femoral  condyles  of  multituberculates 
are  confined  to  the  inferior  (flexor)  aspect 
of  the  bone,  and  do  not  extend  around  the 
distal  extremity  to  be  contiguous  with  the 
patellar  groove.  From  this  evidence,  mul- 
tituberculates employed  the  crouched 
posture  characteristic  of  primitive  mam- 
mals and  appear  to  have  been  incapable 
of  extending  the  knee  much  beyond  120°. 
The  orientation  of  the  center  of  the  fem- 
oral condyles  indicates  that  the  tibia,  in 
the  middle  of  its  range  of  excursion,  artic- 
ulated with  the  femur  at  about  90°. 


The  asymmetry  of  the  femoral  condyles 
and  the  eccentricity  of  the  patellar  groove 
in  multituberculates  is  similar  to  that  in 
morganucodontids  and  certain  primitive 
therians  (Jenkins  and  Parrington,  1976). 
The  possibility  that  joints  of  this  type  are 
adapted  to  accommodate  some  rotation  at 
the  knee  during  the  propulsive  phase  re- 
mains to  be  investigated. 

The  parafibulae  of  Ptilodus  kiimmae 
are  relatively  large.  Parafibulae  are  found 
in  various  marsupials  and  rarely  in  euthe- 
rians;  in  monotremes  they  occur  as  prom- 
inent, broad  flanges  synostosed  to  the 
proximal  end  of  the  fibulae  and  in  Orni- 
thorhynchus,  at  least,  provide  attachment 
for  the  long  digital  flexor,  long  peroneal, 
soleus,  plantaris,  and  peroneal  flexor  mus- 
cles (Lessertisseur  and  Saban,  1967).  In  size 
and  shape  the  parafibulae  of  P.  kumrnae 
resemble  more  closely  those  of  mono- 
tremes than  the  ill-defined  ossicles  found 
in  therians.  Unlike  the  monotreme  con- 
ditions, however,  they  articulate  with  the 
fibula  via  a  synovial  joint.  The  possible 
homologies  of  the  parafibulae,  as  well  as 
the  functional  implications  of  their  pres- 
ence or  absence,  are  not  well  understood 
(for  a  discussion,  see  Lessertisseur  and  Sa- 
ban, 1967). 

Pes 

The  tibio-astragalar  and  astragalocal- 
caneal  joint  surfaces  in  all  the  multituber- 
culate specimens  available  for  this  study 
exhibit  the  same  basic  features,  and  are 
indicative  of  an  unusual  range  of  pedal 
movements  that  are  typically  employed 
by  mammals  that  climb. 

The  tibio-astragalar  joint  not  only  ap- 
pears to  have  allowed  dorsiflexion  and 
plantarflexion,  but  abduction  and  eversion 
as  well.  The  dorsal  (proximal)  surface  of 
the  astragalus  bears  two  subparallel  sulci, 
one  medial  and  the  other  lateral  (Fig.  25). 
The  sulci  are  approximately  aligned  with 
the  hallux  (Fig.  24A)  and  received  the 
medial  and  lateral  condyles  on  the  distal 
end  of  the  tibia  (Figs.  22,  30A,).  Some 
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Figure  30.  Tarsal  movements  in  a  multituberculate  foot,  interpreted  from  the  pedes  of  1  Eucosmodon  sp.  (AMNH  16325)  and 
Ptilodus  kummae  (UA  9001),  that  position  the  foot  to  secure  a  gnp  during  headfirst  descent.  (A)  the  neutral  position;  the 
relations  of  the  astragalar  facets  to  the  calcaneum  (A,)  and  the  relations  of  the  tibial  condyles  to  the  astragalar  sulci  (A2)  are 
shown.  (B)  The  reoriented  position:  rotation  at  the  astragalocalcaneal  joint  (B,)  yields  plantarflexion  and  inversion.  Rotation  at 
the  tibio-astragalar  joint  (Bj)  yields  abduction  and  eversion.  Additional  adjustments  permitting  inversion-eversion  and  dorsiflex- 
ion-plantarflexion  are  possible  at  the  astragalonavicular  and  calcaneocuboid  joints.  The  reoriented  position  of  the  foot  also 
requires  extension  at  the  hip  joint,  thus  repositioning  the  tibia  and  fibula  nearly  parallel  to  the  substrate  in  (B),  in  contrast  to 
the  nearly  perpendicular  orientation  in  (A).  The  fibula  is  not  shown. 
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plantarflexion  and  dorsiflexion  could  have 
been  effected  by  the  astragalar  sulci  rock- 
ing backwards  and  forwards  across  the 
most  distal  surfaces  of  the  tibial  condyles. 
Additional  plantarflexion  and  dorsiflexion 
were  possible  at  the  astragalocalcaneal 
joints  (Figs.  30A,,  B,). 

Abduction  and  related  movements  suit- 
able for  securing  grips  over  a  wide  range 
of  foot  postures  appear  to  have  been  ac- 
commodated by  the  asymmetrical  config- 
uration of  the  tibial  condyles.  The  lateral 
condyle  is  longer  than  the  medial,  and 
wraps  spirally  around  the  distal  end  of  the 
tibia  from  its  anteromedian  to  postero- 
median margins  (Fig.  22).  The  short,  lin- 
ear medial  condyle  extends  from  the  an- 
terior margin  to  the  center  of  the  distal 
end;  it  is  oriented  anteromedially-postero- 
laterally.  From  the  neutral  position  (Fig. 
3OA2),  translation  of  the  astragalar  sulci 
along  the  tibial  condyles  of  different  length 
resulted  in  abduction  of  the  hind  foot.  In 
this  movement,  the  lateral  sulcus  translat- 
ed along  the  semilunar  lateral  tibial  con- 
dyle, whereas  the  medial  sulcus  rolled  and 
pivoted  about  the  medial  condyle  (Fig. 
3OB2).  The  lateral  condyle,  furthermore, 
is  spiral;  the  anterior  part  of  the  articular 
surface  faces  distally,  the  posterior  part 
(extending  onto  the  posterior  surface  of 
the  tibia)  posteromedially.  This  spiral 
shape  caused  the  astragalus  to  evert  (i.e., 
the  volar  surface  of  the  foot  turned  out- 
ward) as  it  was  abducted. 

In  addition  to  the  excursion  at  the  tibio- 
astragalar  joint,  the  foot  had  to  be  plan- 
tarflexed  in  order  to  secure  a  grip  for 
headfirst  descent  (Fig.  SOB).  This  move- 
ment occurred  at  the  astragalocalcaneal 
joint  (Figs.  30A,,  B,)  and  involved  pivot- 
ing the  calcaneum  about  an  axis  through 
the  sustentaculum  tali;  the  facet  of  the 
sustentaculum  and  its  counterpart  on  the 
astragalus  are  nearly  equal  in  size,  and 
thus  give  no  evidence  of  substantial  trans- 
latory  movement.  Excursion  at  the  proxi- 
mal calcaneoastragalar  joint,  however,  did 
involve  translation.  The  bulbous  proximal 
calcaneoastragalar  facet  provided  a  semi- 


lunar pathway,  and  full  plantarflexion  in- 
volved a  degree  of  conjunct  inversion  (Fig. 
30B,). 

Additional  postural  adjustments  of  the 
foot  for  climbing  on  uneven  substrates 
could  have  been  accommodated  at  the 
calcaneocuboid  and  astragalonavicular 
joints.  The  cuboid  facet  on  the  calcaneum 
is  slightly  concave  and  is  larger  than  the 
reciprocally  convex  facet  on  the  cuboid 
(Fig.  24).  The  long  axis  of  the  saddle- 
shaped  astragalonavicular  joint  is  orient- 
ed dorsolaterally-ventromedially  (Fig.  25). 
Translation  of  the  navicular  along  this  axis 
would  have  contributed  to  inversion-ever- 
sion,  whereas  movements  normal  to  the 
long  axis  would  have  provided  additional 
dorsiflexion -plantar  flexion.  Conjunct 
movements  at  the  calcaneocuboid  joint 
appear  to  have  been  possible  for  each  of 
these  actions. 

The  amount  of  abduction  permitted  by 
the  tibioastragalar  joint  was  on  the  order 
of  90°.  Consistent  with  the  degree  of  fem- 
oral abduction  reconstructed  on  the  ba- 
sis of  hip  structure  (see  above),  the  normal 
stance  of  the  foot  probably  also  involved 
an  abducted  posture.  Our  estimate  is  that 
the  longitudinal  axis  of  the  foot  (passing 
along  the  third  metatarsal)  deviated  30°  to 
40°  from  a  sagittal  plane.  With  an  addi- 
tional 90°  of  abduction  possible  at  the  tib- 
io-astragalar  joint,  the  foot  could  have 
readily  assumed  the  posture  depicted  in 
Figs.  30  and  31.  This  posture  involved  re- 
positioning the  tibia  and  fibula  nearly  par- 
allel to  the  vertical  substrate,  in  contrast 
to  the  more  or  less  perpendicular  orien- 
tation in  a  stance  on  a  horizontal  substrate. 
Such  a  movement  could  have  been  ac- 
complished through  hip  extension  (the 
femoral  condyles  of  multituberculates  in- 
dicate that  knee  extension  was  limited). 

The  distal  facet  on  the  entocuneiform 
is  saddle-shaped  (concave  dorsoventrally, 
convex  mediolaterally)  and  permitted  both 
flexion-extension  and  abduction-adduc- 
tion of  the  hallux.  However,  the  convexity 
is  asymmetrical;  the  facet  extends  farther 
medially  than  it  does  laterally,  a  feature 
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that  is  directly  indicative  of  an  unusual 
degree  of  hallucal  abduction. 

A  divergent,  abductable  hallux  is  typi- 
cal of  small  mammals  that  move  on  un- 
even surfaces.  Mammals  that  descend  ver- 
tical surfaces  (such  as  tree  trunks)  headfirst 
are  capable  of  reorienting  the  hind  foot, 
thus  pointing  the  toes  backward  and  po- 
sitioning the  claws  to  secure  a  grip.  The 
presence  of  features  in  the  hind  foot  of 
multituberculates  that  would  permit  the 
same  kind  of  behavior  may  be  taken  as 
one  line  of  evidence  that  some  multitu- 
berculates, at  least,  were  arboreal  in  habit. 

The  characters  of  the  terminal  pha- 
langes of  both  manus  and  pes  indicate 
well-developed  falculae  sensu  Le  Gros 
Clark  (1936).  Extensive  trochleae  at  the 
distal  interphalangeal  joints  and  protuber- 
ant flexor  tubercles  and  extensor  processes 
are  evidence  of  claws  capable  of  strong, 
gripping  action. 

Trunk 

The  partial  skeleton  of  Ptilodus  kum- 
mae  (UA  9001)  provides  an  opportunity 
for  reconstructing  limb  and  body  propor- 
tions (Fig.  31).  The  fact  that  the  anterior 
thoracic  and  the  entire  cervical  series  is 
missing  in  this  specimen  requires  some  ex- 
trapolation. The  following  is  an  account 
of  how  the  length  of  the  pre-caudal  ver- 
tebral column  was  determined. 

The  sacral  and  lumbar  regions  are  com- 
pletely represented,  although  some  of  the 
vertebrae  are  crushed  or  otherwise  dis- 
torted. The  combined  length  of  the  four 
sacral  verebrae  is  ca.  24.5  mm.  The  lum- 
bar series  comprises  at  least  seven  verte- 
brae, and  possibly  eight.  If  seven  lumbar 
vertebrae  are  assumed,  the  total  length  of 
the  lumbar  series  measured  along  the  ven- 
tral aspect  is  46.5.  If  the  lumbar  series  is 
measured  from  its  dorsal  aspect,  the  total 


length  is  44.1.  The  lumbar  series  may 
therefore  be  safely  estimated  to  be  be- 
tween 40  and  50  mm  in  length. 

Only  a  few  of  the  posterior  thoracic 
vertebrae  are  sufficiently  well  preserved 
to  permit  mensuration.  Of  these,  three 
have  centra,  4.0,  4.25,  and  4.5  mm  in 
length.  On  this  basis,  if  it  is  assumed  that 
the  length  of  thoracic  vertebrae  decreases 
anteriorly  (as  in  most  mammals)  and  that 
the  average  length  of  the  vertebrae  is  4.25 
mm,  then  the  total  maximum  length  of 
the  thoracic  column  is  about  51  mm  for 
twelve  vertebrae  and  55  mm  for  thirteen. 
The  thoracic  series  was  therefore  proba- 
bly between  45  and  55  mm  in  length. 

In  the  absence  of  all  cervical  vertebrae 
in  this  specimen,  the  length  of  the  neck 
had  to  be  estimated  from  the  relative  pro- 
portions known  in  other  mammals.  For 
Tiipaia  glis,  Didelphis  niarsupialis,  and 
Procyon  lotor,  the  cervical  vertebral  col- 
umn ranges  from  16  to  22  percent  of  the 
total  length  of  the  sacral,  lumbar,  and  tho- 
racic series.  Using  19  percent  as  an  aver- 
age, the  estimated  cervical  series  length  in 
P.  kummae  would  be  between  ca.  22  and 
ca.  24.5  mm  depending  on  whether  trunk 
length  was  as  little  as  ca.  110  or  as  much 
as  ca.  130  mm. 

When  these  variables  are  taken  into 
consideration,  trunk  length  estimates  range 
from  about  130  to  155  mm  for  P.  kum- 
mae. In  Figure  31  the  total  length  of  the 
precaudal  vertebral  column  is  depicted  to 
be  138  mm. 

Tail 

The  tail  in  mammals  may  serve  a  va- 
riety of  functions:  behavioral,  protective, 
thermoregulatory,  postural,  and  locomo- 
tor. Among  the  orders  Marsupialia,  Ro- 
dentia,  Edentata,  Pholidota,  Carnivora, 
and  Primates,  some  taxa  have  evolved  both 


Figure  31 .  Reconstruction  of  a  multituberculate  skeleton  based  principally  on  a  specimen  of  Ptilodus  kummae  (UA  9001 ).  The 
body  is  positioned  in  headfirst  descent.  In  this  posture  the  thoracolumbar  region  is  extended,  the  hind  foot  is  reoriented  such 
that  the  toes  point  backward,  and  the  tail  is  employed  as  a  grasping  and  stabilizing  organ. 
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musculoskeletal  and  neural  specializations  have  been  as  prominent  as  those  on  the 

to  effect  prehensility,  that  is,  the  tail  is  posterior  lumbar  vertebrae.  From  this  evi- 

sufficiently  robust,  and  its  movements  so  dence,    P.   kiimmae   possessed   structural 

precisely  controlled,  as  to  serve  as  a  "fifth  adaptations  that,  in  living  mammals,  are 

limb."  Well-known  examples  are  various  related  to  tail  prehensility  and  arboreal 

species  of  the  genera  Caluromys,  Didel-  habits. 
phis,    Marmosa,    Philander,    Phalanger, 
Pseudocheirus,  and    Trichosurus  among 

marsupials;  Capromys  prehensilis,  Coen-  DISCUSSION  AND  CONCLUSIONS 
don   spp.,   and    Pithecheir    nielanurus 

among  rodents;   Tamandua  tetradactyla  The  present  review  provides  evidence 

and    Cyclopes   didactylus   among   eden-  of  substantial  homogeneity  in  postcranial 

tates;  Manis  tricuspis  among  pholidotans;  structure  among  North  American  multi- 

Arctictis  hinturong  and    Potos  flavns  tuberculates  of  the  suborders  Ptilodonto- 

among  carnivores;  and  species  of  the  gen-  idea  and   Taeniolabidoidea.   Despite  the 

era  Cebus,  Alouatta,  Ateles,  Brachyteles,  diversity  of  multituberculates,  both  in  size 

and   Lagothrix   among   primates.    All   of  and  in  dental  specializations,  postcranial 

these  taxa  employ  the  prehensile  tail  in  bones  exhibit  little  variability  in  propor- 

climbing;  all  may  be  considered  arboreal-  tions  or  in  features  distinctive  of  the  or- 

ly  adapted  despite  variations  in  allocation  der.  Our  assessment  is  based  on  those  parts 

of  time  spent  on  the  ground  or  in  trees.  of  the  skeleton  for  which  there  is  adequate 

A    preliminary    survey    of    prehensile-  representation:  basal  scapulocoracoid,  dis- 

tailed    mammals    reveals    a    number    of  tal  humerus,  proximal  ulna,  pelvis,  femur, 

shared  features  in  their  caudal  structure,  proximal   tibia,   and    calcaneum.    Where 

The  tail  is  long,  commonly  twice  or  more  slight   differences   are   apparent    (for   ex- 

the  length  of  the  precaudal  vertebral  col-  ample,  compare  the  anterior  tip  of  the  il- 

umn;  in  a  few  taxa  the  tail  is  shorter  (e.g.,  ium  in  Ptilodus,  Fig.  8,  with  that  of  ?Eu- 

in  Didelphis,  where  the  tail  is  1.2  times  cosmodon.  Fig.  18),  they  do  not  appear  to 

the  length  of  the  precaudal  vertebral  col-  be  of  major  functional  significance.  Con- 

umn).  Haemal  arches  are  developed  along  fidence    in    our    conclusion    that    North 

nearly  the  entire  length  of  the  tail.  Trans-  American  multituberculates  exhibited  lit- 

verse  processes  are  robust,  and  are  present  tie    postcranial    diversification    must    be 

even  on  the  most  distal  caudals.  Finally,  tempered  by  the  realization  that  most  ma- 

the  sacral  spinous  processes  are  relatively  terial  available  at  present  is  disarticulated 

large,   commonly    nearly   equalling   in  and  dissociated.  It  is  possible  that  the  fu- 

height  the  spinous  processes  of  posterior  ture  recovery  of  associated  skeletons  will 

lumbar  vertebrae.  The  last  three  features  reveal  a  modest  array  of  taxon-specific 

appear  to  be  related  to  the  hypertrophy  adaptations,  especially  in  proportions, 

of  the  caudal  musculoskeletal  system  nee-  However,  in  the  one  comparison  (meta- 

essary  for  increased  gripping  strength.  tarsal  Ill/femur  length)  permitted  by  the 

The  tail  of  Ptilodus  kummae  gives  evi-  specimens  of  Ptilodus  kumniae  (UA  9001) 

dence  of  most  of  these  bony  features.  The  and   ?Eucosmodon   sp.    (AMNH    16325), 

tail,  estimated  at  180  mm,  is  1.2  to  1.4  there  is  only  a  negligible  difference  (P.  = 

times  the  length  of  the  precaudal  verte-  .31,  E.  =  .29)  despite  the  fact  that  ?Eu- 

bral  column.  Transverse  processes  are  well  cosmodon  is  almost  twice  as  large  as  Ptil- 

developed,   even   on    the   distal    caudals.  odus  and  is  not  closely  related. 

Haemal  processes  are  large,  and  present  Several  workers  have  speculated  on  the 

along  the  entire  length  of  the  tail.  The  locomotor  habits  of  multituberculates. 

sacral  spinous  processes,  to  the  extent  that  Gidley  (1909:  621)  believed  that  the  "rel- 

their  height  can  be  estimated,  appear  to  atively  large  proportions  of  the  pelvis  and 
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hind  limbs  strongly  suggest  that  Ptilodus  narrow,  elongate  ungual  phalanges  with 

was  saltatorial  ..."  Simpson  (1926:  247)  well-developed  flexor  tubercles  and  exten- 

alluded  to  the  limb  proportions  of  Recent  sor  processes  (indicating  sharp,  powerful 

mammals  in  reaching  his  conclusion  that  claws). 

Ptilodus  ".  .  .  was  probabK  a  s\\  iftl\  mo\  -  Our  interpretation  of  several  features  in 

ing  and  agile  quadruped,  and  that  there  Ptilodus   kumtnae   as   adaptations   for 

is  nothing  in  the  known  proportions  of  the  climbing  does  not  imply  that  this  or  other 

limbs  which  indicate  in  any  certain  way  multituberculate  taxa  were  exclusively  ar- 

a  terrestrial  or  an  arboreal  habitat."  None-  boreal.  Jenkins  (1974)  pointed  out  that  ar- 

theless,    Simpson    (1926:    249)    concluded  boreal  and  terrestrial  activity  requires  ba- 

from  the  herbivorous  dentition  of  multi-  sically  the  same  locomotor  repertoire  of 

tuberculates  (and  the  abundant  evidence  small  sized  mammals  that  must  climb  and 

of  trees)  that  "it  would  be  remarkable  if  grip  and  span  discontinuous  substrates  in 

man\  [multituberculates]  were  not  at  least  both  settings.  In  the  case  of  tree  shrews, 

semi-arboreal."  In  a  study  of  the  hind  limb  for  example,  species  may  be  either  "ar- 

of  ?Eucosmodo7},  Simpson  and  Elftman  boreal"  or  "terrestial"  (or  both)  in  the  sense 

(1928:  15-16)  observed  that  the  hind  foot  of  habitat  preference  although  such  a  dis- 

had  ".  .  .  great  flexibility,  grasping  power  tinction  is  not  evident  in  musculoskeletal 

w  ith  opposable  hallux,  and  .  .  .  sharp  claws,  differences.    Several   tree   shrew    adapta- 

Neither  in  its  proportions  nor  morpholog-  tions  (notably  the  excursions  possible  in 

ical  features  does  this  hind  foot  show  fos-  the   thoracolumbar   region,   the   shoulder 

serial  or  saltatory  adaptations.  This  and  and  hip  joints,  the  tarsus  and  the  hallux) 

other  known  characters  definitely  suggest  are  employed  in  moving  and  climbing  on 

a  quadrupedal  animal,  well  adapted  for  disordered  substrates  whether  on  the  for- 

possible  arboreal  life  but  also  capable  of  est  floor  or  in  trees.  Inasmuch  as  multitu- 

rapid  progression  on  the  ground."  berculates  appear  to  have  possessed  com- 

The  conclusion  from  the  present  study  parable    locomotor    adaptations,    their 

is  that  some  multituberculates,  at   least,  habitats  could  have  been  at  least  as  di- 

were  arboreal  in  habit  (Fig.  31).  The  pri-  verse. 

mary  evidence  is  derived  from  the  hind  However,  two  aspects  of  the  postcranial 

foot  and  tail.  In  both  Ptilodus  and  ?Eu-  skeleton  of  P.  kummae,  the  structure  of 

cosmodon  the  tibio-astragalar  and  other  the  tarsus  and  tail,  represent  unusual  spe- 

tarsal  joints  are  specialized  for  a  range  of  cializations  that   in   living  mammals  are 

pedal  mobility  (especially  abduction,  per-  used    primarily    in    arboreal    locomotion, 

mitting  headfirst  descent)  characteristic  of  Furthermore,    although    evidence    for    a 

arboreal  mammals.  The  hallux  was  diver-  prehensile   tail   is   available   only   for    P. 

gent,  and  the  entocuneiform-metatarsal  I  kummae,  evidence  for  tarsal  adaptations 

joint    permitted    considerable    abduction  that  permit  headfirst  descent  is  known  in 

and  adduction  for  prehension  in  a  plane  multituberculate  taxa  of  different  body 

independent  of  the  remaining  digits.  The  sizes  {?Mesodma  sp.,  Ptilodus  kummae, 

long,    robust    tail    of    Ptilodus    possessed  Stygimys    teilhardi,    and    ?Eucosmodon 

musculoskeletal  features  that,  in  modern  sp).  Mesodma,  Ptilodus,  snid  Stygimys  are 

mammals,  are  present  in  prehensile-tailed  roughly  comparable  to  tupaiids  in  size,  but 

forms.  Several  other  features  tend  to  cor-  Eucosmodon  is  comparable  to  Didelphis 

roborate  this  interpretation,  although  by  and  clearly  larger  than  the  small  mammal 

themselves  they  are  secondary  and  not  de-  size  class  referred  to  by  Jenkins  (1974). 

finitive  evidence:  the  apparent  mobility  of  Thus,  based  on  present  evidence.  North 

the  scapulocoracoid  and  the  glenohumeral  American  multituberculates  over  a  range 

and  hip  joints,  the  large  prepollex  in  Ptil-  of  sizes  appear  to  have  employed  special- 

odus  (possibly  augmenting  the  grasp),  and  ized  foot  postures;  because  of  this,  we  in- 


244         Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  4 


terpret  their  specialized  tarsal  structure  as 
an  arboreal  adaptation  rather  than  as  a 
response  to  the  locomotor  requirements  of 
small  mammals. 

Multituberculates  were  a  major  com- 
ponent of  early  mammalian  faunas,  per- 
sisting with  their  characteristic  specializa- 
tions from  at  least  the  Late  Jurassic  to  the 
Oligocene.  The  possible  factors  contrib- 
uting to  their  extinction  have  been  consid- 
ered by  several  workers.  Van  Valen  and 
Sloan  (1966:  277)  documented  the  de- 
crease in  multituberculate  abundance  that 
took  place  after  a  peak  in  the  Late  Cre- 
taceous, although  they  determined  that 
maximal  taxonomic  diversity  occurred 
during  the  middle  Paleocene.  These  au- 
thors suggested  that  "the  decline  of  the 
multituberculates  was  probably  initiated 
by  competition  with  condylarths,  in- 
creased by  primates,  and  completed  by 
rodents."  Hopson  (1967:  354)  emphasized 
that  multituberculates  were  "at  best  'sub- 
metatherian'  in  evolutionary  grade,"  but 
recognized,  as  did  Van  Valen  and  Sloan, 
that  primitive  structural  features  do  not 
necessarily  entail  competitive  disadvan- 
tages. Nonetheless,  Hopson  thought  it 
plausible  to  suggest  an  "explanation  for 
the  competitive  inferiority  of  the  multi- 
tuberculates to  placental  herbivores  in  the 
early  Tertiary:  the  Cretaceous  and  earliest 
Paleocene  multituberculates  remained 
significantly  below  the  eutherian  level  of 
advancement  in  nearly  all  areas  of  their 
biology,  and  their  continued  survival,  and 
even  diversification,  depended  principally 
on  the  fact  that  they  were  still  the  only 
mammalian  occupants  of  the  herbivorous 
adaptive  zone."  However  attractive  is 
Hopson's  hypothesis,  our  review  of  the 
postcranial  skeleton  of  North  American 
forms  provides  no  evidence  of  features  that 
might  be  considered  significantly  inferior 
to  those  of  eutherians.  Skeletal  traits  that 
are  clearly  divergent  in  multituberculates 
and  eutherians  cannot  be  assessed  in  terms 
of  comparative  locomotor  ability,  partic- 
ularly because  many  such  multitubercu- 
late features  have  no  analogs  among  living 
mammals.    The    factors    contributing    to 


multituberculate  extinction,  including  the 
possibility  of  competitive  inferiority,  must 
always  remain  inferential.  Yet  it  is  possi- 
ble to  analyze,  in  terms  of  function,  many 
skeletal  structures  in  extinct  mammals. 
Such  analyses  as  we  have  attempted  here 
have  been  facilitated  by  other  studies,  both 
anatomical  and  experimental,  that  have 
elucidated  specific  aspects  of  mammalian 
postcranial  biomechanics.  We  believe  that 
further  advances  in  our  knowledge  of 
multituberculates  will  depend  as  much  on 
neontological  as  on  paleontological  inves- 
tigations. 
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THE  ORB-WEAVER  GENERA  ARGIOPE,  GEA,  AND 
NEOGEA  FROM  THE  WESTERN  PACIFIC  REGION 
(ARANEAE:  ARANEIDAE,  ARGIOPINAE) 


HERBERT  W.  LEVP 


Abstract.  Characters  of  the  male,  especially  of  the 
male  palpus,  are  useful  for  studying  the  phylogeny 
of  the  Argiopinae.  Members  of  the  subfamily  are 
relati\eK  primitive  Araneidae;  they  appear  more  ad- 
\anced  than  the  Nephilinae,  Metinae,  Tetragnathin- 
ae,  and  C>rtophorinae,  and  less  advanced  than  the 
Mastophorinae,  Gasteracanthinae,  and  Araneinae. 

All  available  types  of  Pacific  and  eastern  Asian 
Argiope  species  names  have  been  examined.  The 
stud\  was  handicapped  by  lack  of  males,  which  are 
collected  less  often  than  the  large,  showy  females. 

The  subfamily  Argiopinae  contains  three  genera: 
Argiope,  Gea,  and  the  new  Neogea.  Neogea,  with 
the  type  Araneus  egregiiis,  also  contains  Gea  nocti- 
color.  In  the  region,  there  are  49  species  of  Argiope, 
7  species  of  Gea,  and  2  species  of  Neogea,  many  of 
them  widely  distributed.  The  12  new  species  are  Ar- 
giope dietrichae,  A.  katherina.  A.  kochi,  A.  mascor- 
di,  A.  radon  from  Australia;  A.  boesenbergi  from 
Japan;  A.  ponape  and  A.  triik  from  the  Caroline  Is- 
lands; A.  Caledonia  from  New  Caledonia;  A.  manila 
from  the  Philippines;  A.  thai  from  Thailand;  and 
Gea  eff  from  New  Guinea.  The  generic  names  Aus- 
trargiope.  Coganargiope,  Mesargiope,  Micrargiope, 
Chaetargiope,  and  Neargiope  of  Kishida  and  Brach- 
ygea  Caporiacco  are  subjective  synonyms  of  Ar- 
giope. 

Argiope  aequior  and  viabilior  are  oxyopids;  aurea 
and  sachalinensis  are  Araneus;  lepida  is  probably  an 
Acusilas:  leucopicta  is  a  Cyrtophora.  Gea  virginis  is 
a  Leucauge.  There  are  57  new  synonymies. 

INTRODUCTION 

I  undertook  this  study  in  order  to  solve 
the  relationship  of  the  genera  Argiope  and 
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Gea  to  Araneus  and  other  orb-weavers. 
Other  reasons  for  this  revision  are  to  make 
possible  the  identification  and  naming  of 
these  common,  large,  showy  spiders  from 
the  western  Pacific  area,  and  to  distin- 
guish the  related  genera  Argiope  and  Gea. 

My  studies  of  American  Araneidae  be- 
gan with  Argiope  (1968)  because  these 
could  easily  be  sorted  from  specimens  of 
other  genera.  Since  this  was  the  first  genus 
examined,  analysis  of  the  relationships  was 
not  possible.  Another  limiting  factor  was 
that  there  are  only  two  Argiope  species  in 
Europe,  and  only  seven  of  Argiope  and 
one  of  Gea  in  the  Americas  (one  addition- 
al Argiope  from  Brazil  has  been  found 
since  the  publication  of  my  1968  revision). 
Only  now  that  I  have  a  fair  knowledge  of 
the  temperate  American  and  central  Eu- 
ropean araneid  fauna  am  I  beginning  to 
discern  affinities. 

In  contrast,  the  western  Pacific  region 
is  extremely  rich  in  orb-weavers;  49  species 
of  Argiope,  7  of  Gea,  and  2  of  a  new  ge- 
nus, Neogea,  are  illustrated  here.  The 
abundance  of  species  is  greatest  in  New 
Guinea  and  Australia.  I  hoped  that  by 
studying  a  great  diversity  of  species  I 
would  develop  some  insight  into  which 
characters  are  primitive  and  which  spe- 
cialized. 

Because  of  the  increasing  amount  of  lit- 
erature and  the  popularity  of  the  large 
diurnal  Argiope  species  for  ethological  and 
ecological  studies  (Robinson  and  Robin- 
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Map  1.    The  number  of  arglopine  species  found  in  different  areas  (see  text). 


son,  1980;  Horton,  1981;  Olive,  1980),  it 
has  become  urgent  to  be  able  to  deter- 
mine these  species,  as  well  as  to  gain  an 
understanding  of  their  relationship. 

This  study  began  modestly  as  an  at- 
tempt to  help  identify  the  common  Ar- 
giope  and  Gea  from  New  Guinea.  Since 
only  a  few  of  the  104  species  (87  Argiope, 
17  Gea)  and  subspecies  names  of  this  re- 
gion listed  in  Roewer's  catalog  (1942)  [87 
species  in  Bonnet,  1955,  72  Argiope,  15 
Gea]  had  been  illustrated  and  were  rec- 
ognizable, identification  was  possible  only 
by  examining  the  types.  Most  of  the  species 
names  had  never  again  been  cited  after 
the  initial  description.  The  scope  of  the 
task  rapidly  ballooned.  It  was  possible  only 
because  the  females  of  Argiope  and  Gea 
species  are  relatively  easy  to  separate, 
having  distinct,  sclerotized  genitalia.  The 
abdomen,  too,  is  usually  marked  and 
shaped  distinctively. 

Father  Chrysanthus  (1958,  1971)  stud- 
ied not  only  the  New  Guinea  Argiope  and 
Gea,  but  all  species  of   Araneidae,  and 


worked  on  various  other  families  also.  Ap- 
parently overwhelmed  by  the  rich  fauna, 
he  unavoidably  made  mistakes;  for  in- 
stance, he  compared  his  Argiope  speci- 
mens to  Indonesian  species  but  not  to  those 
from  nearby  Australia. 
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had  never  been  illustrated  before,  nor  had 
their  genitalia  been  described.  Despite  the 
common  occurrence  and  conspicuous  ap- 
pearance of  many  Argiope  species,  only 
small  collections  were  available;  these 
usually  included  only  females,  rarely  es- 
corted by  males.  The  only  specimens 
available  throughout  the  study  were  col- 
lections in  the  Museum  of  Comparative 
Zoology  (VICZ).  Smaller  collections  of  un- 
determined Argiope  specimens  were  ex- 
amined at  the  end  of  the  study. 

Since  much  of  the  work  was  done  with 
types  of  names,  I  did  not  illustrate  the  fe- 
male internal  genitalia.  Fortunately,  Gea 
and  Argiope  species  have  other  characters 
that  can  be  used  to  separate  the  species. 

The  size  range  of  individual  specimens 
of  both  males  and  females  is  considerable, 
although  most  Argiope  have  similar  pro- 
portions. No  measurements  were  made. 
The  size  and  proportions  are  recorded  only 
for  new  species;  the  sizes  of  previously 
named  species  can  be  read  from  scale  lines 
on  the  illustrations.  Size  range  is  usually 
not  a  good  diagnostic  character.  Although 
the  females  of  some  species  are  always 
large,  over  20  mm  in  total  length,  some 
species  are  intermediate  in  size,  and  small 
species  may  be  only  7  to  12  mm  in  length. 

The  size  range  of  males  (those  few  that 
were  available)  is  even  broader  than  that 
of  females.  Specimens  of  any  given  species 
(not  necessarily  collected  from  the  same 
locality)  almost  always  display  wide  vari- 
ability in  color  and  marking.  Males  of  all 
species  were  checked  for  leg  modifica- 
tions such  as  hook  on  first  co.xa,  tooth  on 
endite,  or  tooth  on  palpal  femur.  None 
had  any  of  these  modifications,  so  char- 
acteristic of  the  males  of  Araneinae. 

In  matching  females  with  the  very  dif- 
ferent males,  it  was  helpful  that  most  of 
the  males  in  collections  were  with  fe- 
males. Those  few  that  had  been  collected 
separateK  could  be  matched  by  consid- 
ering collecting  localit\  and  the  species 
group  to  which  they  belonged. 

Another  extraordinary  clue  expedites 
matching  males  with  females  of  the  same 


species.  In  all  species  (as  far  as  we  know), 
the  tip  of  the  male  embolus  breaks  off  and 
remains  in  the  epigynum  (often  with  a 
section  of  the  duct  pulled  out  from  more 
proximal  sclerites  in  A.  aemida  and  A. 
pulchella).  Females  can  be  matched  to 
males  by  extracting  the  broken  tips  (Figs. 
250,  261,  262)  from  the  opening  of  the 
epigynum.  These  broken  emboli  are  com- 
monly embedded  in  hardened  exudate 
within  the  depression  of  the  epigynum  and 
wedged  into  the  opening  (Figs.  82,  124, 
136).  Just  as  loss  of  the  embolus  tip  pre- 
vents a  male  from  using  the  palpus  again, 
having  it  wedged  in  the  epigynum  pre- 
vents a  female  from  mating  a  second  time. 
Although  adult  females  of  most  species  are 
commonly  found  with  one  palpal  tip 
embedded  in  each  side  of  the  epigynum, 
males  with  broken  palpi  are  uncommon. 
Apparently  few  survive  mating.  (One  male 
of  A.  appensa  from  Palau  had  both  palpi 
broken  off  above  the  tibia,  as  is  seen  in 
male  eunuchs  of  Herennia  from  New 
Guinea  [Robinson  and  Lubin,  1979]).  Rob- 
inson and  Robinson  (1980)  observed  in 
several  Argiope  species  that  males  died  in 
copula.  In  the  illustrations  of  epigyna  in 
this  monograph,  the  embolus  tips,  when 
present,  were  removed  from  one  side  and 
not  the  other  (Figs.  82,  124,  136). 

The  similar  Argiope  versicolor  (Dole- 
schall)  and  Argiope  pulchella  Thorell  were 
considered  one  species  until  it  was  discov- 
ered that  broken  tips  in  the  epigvna  dif- 
fered (Figs.  250,  261,  262). 

The  emphasis  in  this  paper  is  on  the 
diagnostic  features  of  the  various  species. 
The  terms  used  to  point  to  these  differ- 
ences are  illustrated  in  Figures  12,  13. 

With  an  abundance  of  species  and  only 
a  limited  number  of  specimens,  decisions 
had  to  be  made  whether  minor  differ- 
ences reflect  geographic  variation  or  if 
they  represent  different  species  (e.g.,  Ar- 
giope reinwardti,  A.  caesarea,  and  A. 
biiehleri.  Figs.  42-46,  47-55,  56-60). 

Mapping  the  old  collecting  localities 
often  proved  difficult.  There  appear  to  be 
French,    German,    and    several    English 
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spellings  for  Chinese  place  names.  Names 
changed,  especialK  when  colonial  coun- 
tries became  independent.  When  the  Brit- 
ish took  oxer  from  the  Germans  in  New 
Guinea  after  the  First  World  War,  names 
were  changed;  likewise,  the  Indonesians 
changed  the  Dutch  names  and  spellings. 

While  taxonomists  are  reputed  to  be 
skeptical,  I  believe  most  are  too  trusting 
about  localit)  information  and  data  w  ith 
specimens.  Of  course,  in  the  case  of  the 
well  known  George  Marx  spider  collec- 
tion, the  specimens  quite  obviously  did  not 
come  from  the  collecting  sites  indicated. 
But  there  are  other  such  instances.  Among 
the  collections  examined  here,  I  believe 
that  Argiope  carinata  L.  Koch  bearing  a 
label  "New  Holland"  [Australia]  is  actual- 
ly from  America,  and  is  a  common  A.  ar- 
gentata.  Another,  A.  multifasciata  Tho- 
rell,  allegedly  from  Singapore,  is  an 
Australian  A.  protensa.  Such  obvious  errors 
raise  the  question  whether  other  speci- 
mens may  be  wrongly  labeled.  Some  old 
localities  could  not  be  found  at  all,  either 
because  indecipherable  handwriting  re- 
sulted in  errors  in  copying  the  labels,  or 
because  the  localities  changed  names. 
Some  labels  give  precise  locality  data  but 
omit  the  name  of  the  island  or  continent. 
Judging  by  the  contents,  several  vials 
marked  "Plummers  Island"  did  not  come 
from  the  South  Pacific  at  all,  but  from  an 
island  with  this  name  in  the  Potomac  Riv- 
er, a  favorite  North  American  collecting 
site.  Incorrect  localities  in  collections  have 
been  reported  recently  by  O.  Francke 
(1981)  and  von  Helverson  and  Martens 
(1972). 

Lectotypes  were  designated  only  when 
the  syntype  series  received  on  loan  rep- 
resented several  species.  Only  recent  au- 
thors have  indicated  on  the  label  that  a 
particular  vial  contains  types  of  the  name; 
nineteenth  century  authors,  including 
Thorell  and  Simon,  did  not.  Worse,  the 
original  specimens  may  have  moved  to 
another  institution,  perhaps  as  a  result  of 
exchanges  (some  L.  Koch  determined 
specimens  of  the  Godeffrov  collection),  or 


been  split  up,  or  had  other  specimens 
added  (as  in  the  Simon  collection).  Some- 
times a  syntype  series  has  been  incorrectly 
marked  "types"  by  curators.  It  is  suspect- 
ed that  caretakers  sometimes  loaned  only 
part  of  the  type  series  with  a  new  label, 
failing  to  indicate  that  there  were  addi- 
tional specimens.  While  I  did  not  usually 
choose  lectotypes,  I  did  add  labels  to  the 
vial  suspected  to  be  the  type,  indicating 
holotype  or  syntypes. 

Roewer  (1942)  and  Chrysanthus  (1958, 
1961,  1971)  spelled  the  generic  name  Ar- 
giope with  a  y.  The  name  Argiope  (with 
i)  has  been  placed  on  the  Official  List  of 
Generic  Names  in  Zoology;  Argyope  (w  ith 
y)  has  been  placed  on  the  Official  Index 
of  Rejected  and  Invalid  Names  in  Zoology 
(Internat.  Comm.  Zool.  Nomencl.,  1975, 
Opinion  1038).  In  the  literature  citations 
in  this  paper,  to  save  space,  both  Chrysan- 
thus and  Roewer  citations  are  with  i. 

RELATIONSHIPS 

Argiope,  Gea,  and  the  new  genus  Neo- 
gea  are  the  only  genera  in  the  subfamily 
Argiopinae  of  the  family  Araneidae.  The 
subfamily  is  characterized  by  having  the 
posterior  eye  row  procurved;  that  is,  the 
posterior  lateral  eyes  anterior  to  the  pos- 
terior medians  (Figs.  27,  39,  52).  In  other 
Araneidae  posterior  lateral  eyes  are  at  the 
same  level  or  slightly  posterior  to  the  pos- 
terior medians.  Gea  and  Neogea  differ 
from  Argiope  in  having  the  posterior  eyes 
equally  spaced  (Figs.  348,  353,  402).  Ar- 
giope has  the  posterior  median  eyes  far- 
ther from  laterals  than  from  each  other. 

The  following  are  characters  for  the 
cladogram. 

1.  Orientation  of  the  Sclerites.  The 
sclerites  of  the  palpus  face  the  median, 
with  the  cymbium  pushed  to  the  side  of 
the  sclerites,  left  in  the  left  palpus  (Figs. 
7,  8,  13)  (or,  the  cymbium  moved  in  a 
median  direction,  the  tegulum  dorsal,  and 
the  sclerites  ventral).  This  is  a  synapo- 
morphy  shared  by  the  Argiopinae,  Mas- 
tophorinae,  and  Araneinae.  In  all  other 
spiders  the  sclerites  face  ventrally  with  the 
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cymbium  dorsal.  (Originally  I  considered 
A.  trifasciata  intermediate  in  this  respect, 
as  the  embolus  coil  faces  ventrally  [Fig. 
119],  bat  after  examining  numerous  Ar- 
giope  and  Gea  species,  I  find  that  this  ori- 
entation arises  from  the  extension  of  a  spe- 
cialized palpus  with  a  long  embolus.  The 
long,  coiled  embolus  has  secondarily 
moved  ventrally.)  This  character  indicates 
that  I  can  use  Nephilinae,  Tetragnathinae, 
and  Metinae  as  outgroups  for  the  remain- 
ing characters. 

2.  Eye  Position.  The  procurved  poste- 
rior eye  row  is  only  found  in  Argiope,  Gea, 
and  the  new  genus  Neogea.  and  is  a  syn- 
apomorphy  of  these  genera  not  otherwise 
found  in  the  family  (except  rarely  in  some 
species  of  the  genus  Mecynogea).  Out- 
group  comparison  with  the  Tetragnathin- 
ae, Metinae,  Nephilinae,  and  comparison 
with  the  subfamilies  sharing  the  same 
orientation  of  the  male  palpal  sclerites  in- 
dicate the  derived  nature  of  the  eye  ar- 
rangement. The  Argiopinae  eye  arrange- 
ment is  accompanied  by  a  characteristic 
marked  reduction  in  the  size  of  the  ante- 
rior lateral  eyes:  they  face  down,  and  their 
diameter  often  is  only  half  that  of  the  oth- 
er eyes  (which  are  subequal  in  size),  so 
small  that  in  dorsal  view  they  are  not  vis- 
ible (Figs.  3,  5). 

3.  Posterior  Median  Eye  Structure. 
Members  of  the  superfamily  Araneoidea 
have  a  canoe-shaped  tapetum  (found  also 
in  Agelenidae,  Clubionidae,  Anyphaeni- 
dae,  and  Gnaphosidae,  among  others). 
Some  araneid  orb-weavers  have  a  canoe- 
shaped  tapetum,  others  have  the  eyes  more 
specialized.  The  canoe-shaped  tapetum  is 
still  found  in  Meta  and  relatives,  ZygieUa, 
Leucauge,  Nephila  (Levi,  1980:  figs.  37, 
38).  In  the  subfamily  Tetragnathinae, 
there  is  a  loss  of  the  tapetum  in  the  pos- 
terior median  eyes  of  Pachygnatha  (Levi, 
1980:  fig.  159),  and  in  all  eyes  of  Tetrag- 
natha  (Levi,  1981).  In  Araneus  and  most 
Araneidae  other  than  Tetragnathinae, 
Metinae,  and  Nephilinae,  the  tapetum  of 
the  posterior  median  eyes  shrinks  to  a  sliv- 
er, and  the  rhabdom  cells  toward  the  me- 


dian (of  the  spider)  arrange  themselves  in 
rows  (Fig.  10;  Levi,  1978:  figs.  19,  20), 
while  the  lateral  eyes  keep  the  canoe- 
shaped  tapetum.  It  is  a  synapomorphy 
shared  by  Cyrtophorinae,  Argiopinae, 
Mastophorinae,  and  various  genera  (most 
of  which  belong  to  the  Araneinae). 

4.  Posterior  Lateral  Eye  Structure.  In 
Argiope,  Gea,  and  Neogea  the  tapetum 
shrinks  in  the  posterior  lateral  eyes  as  well 
as  in  the  posterior  medians  (Figs.  9-11). 
This  probably  provides  better  daytime  vi- 
sion. I  consider  this  unusual  specialization 
of  the  posterior  lateral  eyes  not  otherwise 
found  in  the  family  Araneidae  or  the  Ar- 
aneoidea (first  pointed  out  by  Homann, 
1950)  to  be  a  synapomorphy  of  these  three 
genera. 

5.  Carapace  Shape.  The  head  of  fe- 
male is  more  distinctly  set  off  from  the 
thoracic  region  than  in  other  Araneidae. 
In  Argiope  the  head  width  is  half  that  of 
the  carapace;  the  sides  of  the  head  are 
parallel,  the  front  edge  almost  straight  in 
dorsal  view,  and  the  lateral  eyes  on  slight 
tubercles  (Figs.  22,  39,  45).  The  small  an- 
terior lateral  eyes  face  down  and  are  hid- 
den in  dorsal  view  (Figs.  3,  5);  the  cara- 
pace is  almost  circular  and  relatively  flat, 
often  with  two  comma-shaped  marks  in 
the  thoracic  depression.  In  Gea,  which  has 
relatively  larger  eyes,  the  head  is  wider 
and  less  distinctly  set  off  (Figs.  341,  348, 
353);  the  anterior  lateral  eyes  are  also  small 
(Figs.  334,  336).  Other  genera  with  a  nar- 
row head  are  Acusilas  of  southeastern  Asia 
and  Cyclosa  and  M angora  (all  probably 
Araneinae).  In  all  of  these  the  sides  are 
not  so  parallel,  and  the  head  region  is  more 
domed.  I  consider  the  head  shape  and 
small  anterior  lateral  eyes  a  synapomor- 
phy in  Argiope,  Neogea,  and  some  species 
of  Gea.  It  has  probably  secondarily  been 
lost  and  become  more  generalized  in  Gea. 
I  assume  that  the  distinctive  procurved 
posterior  eye  row  is  correlated  with  the 
shape  of  the  head. 

6.  Abdomen  Sliape  and  Color.  The  ab- 
domen is  usually  shield-shaped,  often 
lobed  on  its  sides,  flattened,  and  brightly 
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patterned  in  Argiope,  Gea  and  Neogea 
(Figs.  27,  45,  70,  78).  Silver  and  black  are 
common  colors.  Similar  abdomen  shape  is 
found  in  the  unrelated  Hercnnia.  (Judg- 
ing by  the  structure  of  the  genitalia,  es- 
pecially the  male  palpus,  Herennia  is 
closely  related  to  Nephila,  Nephilinae.) 
Bright  coloration  is  found  in  the  predom- 
inantly diurnal  American  species  of  Al- 
paida.  In  some  Australian  Argiope  species, 
the  abdomen  has  a  semblance  of  a  dorsal 
folium,  the  dark  leaf -shaped  pattern  (Figs. 
122,  139,  191)  commonly  displayed  by  the 
Araneinae. 

A  cylindrical  abdomen  is  found  in  Ne- 
phila (Nephilinae),  Leucauge  (Metinae), 
Tetragnatha  (Tetragnathinae),  Cijrto- 
phora  and  Mecynogea  (Cyrtophorinae);  a 
spherical  abdomen  in  most  other  Aranei- 
dae.  Perhaps  a  cylindrical  body  (of  Ar- 
giope ocula  and  A.  thai  is  a  primitive 
character  of  the  family.  However,  color 
and  abdomen  shape  probably  are  charac- 
ters of  ambiguous  polarity  in  pinpointing 
phylogeny,  and  I  use  the  spherical  abdo- 
men (a  weak  character)  as  a  synapomor- 
phy  of  Mastophorinae,  and  the  remaining 
genera,  most  of  which  belong  to  the  Ara- 
neinae. 

7.  Leg  Length.  Argiope  and  Gea  have 
longer  legs  than  most  Araneidae.  Other 
long-legged  araneids  are  Tetragnatha 
species.  In  Argiope  and  Gea,  legs  one  and 
two  are  subequal  in  length,  the  second 
slightly  shorter  than  the  first,  the  fourth 
leg  usually  slightly  shorter  than  the  sec- 
ond, the  third  by  far  the  shortest.  The  first 
legs  may  be  1.3  to  1.8  carapace  length; 
the  second  1.2  to  1.6;  the  third,  0.6;  the 
fourth  1.2  to  1.4.  At  present  I  am  not  cer- 
tain of  the  distribution  of  leg  length  in 
araneid  genera,  and  find  the  leg  propor- 
tions confusing  to  use  for  phylogeny;  they 
may  be  adapted  to  selection  pressures  of 
the  spider's  habits  (Olive,  1980)  which 
have  been  recurrent  during  phylogeny. 
Perhaps  after  studying  the  species  of  more 
tropical  genera  a  phylogenetic  use  of  leg 
length  will  emerge.  I  do  not  use  this  char- 
acter at  present. 


8.  Male  Size.  The  small  size  of  males  is 
most  striking  compared  with  the  large  size 
of  females  in  Argiope.  Within  a  species, 
the  males  vary  substantially  in  both  size 
and  coloration,  making  them  difficult  to 
match  to  females  of  the  same  species. 
Small  males  are  found  also  in  Nephila  and 
other  predominantly  tropical  genera 
(which  have  year-round  reproduction, 
permitting  the  more  rapidly  maturing 
males  to  mate  with  a  previous  generation 
of  females).  Vollrath  (1980)  has  recently 
commented  on  the  small  sizes  of  males.  I 
will  know  more  about  the  distribution  of 
this  character  after  a  study  of  various 
tropical  Araneidae.  At  present  I  do  not  use 
this  character  in  phylogeny. 

9.  Male  First  and  Second  Legs.  In 
males  of  most  Araneinae  the  first  or  sec- 
ond legs  are  modified  with  e.xtra  macro- 
setae,  bumps,  and  branches  (e.g.,  Acace- 
sia,  Aculepeira,  Eriophora,  Verrucosa), 
probably  to  hold  the  females  when  mat- 
ing. Such  modifications  are  lacking  in  Ar- 
giope. As  males  of  some  Gea  species  have 
stronger  setae  on  their  legs  than  their  fe- 
males have,  and  in  Gea  the  sexes  are  more 
nearly  equal  in  size  than  in  Argiope,  I  as- 
sume that  in  Gea  the  strong  leg  spines  are 
a  modification  for  coping  with  similar 
sized  females.  Leg  modifications  are  lack- 
ing also  in  Nephilinae,  Metinae,  and  Te- 
tragnathinae, in  some  of  which  (Tetrag- 
nathinae) the  sexes  lock  chelicerae  when 
mating.  These  leg  modifications  are  of  lit- 
tle use  for  phylogeny  of  possible  subfam- 
ilies, probably  reflecting  more  equal  size 
of  the  sexes.  I  do  not  use  this  character 
here,  but  may  return  to  it  in  future  pa- 
pers. 

10.  Other  Modifications.  In  many 
species  of  Araneidae  males  have  a  tooth 
on  the  outside  of  the  endite,  facing  a  tooth 
on  the  palpal  femur.  They  also  have  a  dis- 
tal hook  on  the  first  coxa  that  fits  into  a 
slit  on  the  second  femur,  presumably  lock- 
ing the  two  legs  in  mating  position.  Nei- 
ther structure  is  ever  found  in  Nephilinae, 
Tetragnathinae,  Metinae,  Cyrtophorinae, 
Argiopinae,  or  Mastophorinae.  These  fea- 
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tures  are  usually  present  but  sometimes 
absent  in  the  Araneinae,  perhaps  second- 
arily lost  (in  Araneus  gemmoides  and  also 
some  small-sized  species).  I  take  these 
characters  to  be  synapomorphous  among 
the  genera  belonging  to  the  Araneinae,  al- 
though they  may  have  been  lost  second- 
arily in  some  species.  (Male  Micrathena 
may  have  the  coxal  hook;  many  species 
lack  it.  They  never  have  a  tooth  on  the 
endite  or  a  tooth  on  the  proximal  end  of 
the  palpal  femur,  probably  secondarily 
lost.) 

11.  Epigynum.  The  epigynum  lacks  a 
scape  in  most  Argiope  and  all  Gea  and 
Neogea.  A  scape  is  present  in  most  Ara- 
neidae,  although  not  in  Nephilinae,  Me- 
tinae  (except  some  ZygieUa),  and  Tetrag- 
nathinae.  The  scape  is  also  absent  in  those 
Araneidae  species  having  a  heavily  scler- 
otized  epigynum  (e.g.,  Gasteracantha, 
Micrathena).  But  the  presence  of  a  scape 
in  some  species  of  ZygieUa  (a  genus  whose 
members  have  a  canoe-shaped  tapetum  in 
the  eye  and  a  tegulum  apophysis  in  the 
male  palpus;  Levi,  1974)  and  in  some 
Mysmena  (Mysmenidae)  species,  as  well 
as  in  some  species  of  Pityohyphantes, 
Helophora,  Lepthyphantes  (Linyphi- 
idae),  and  in  Wendilgarda  (Theridioso- 
matidae)  is  convincing  evidence  that  the 
scape  evolved  several  times  as  a  conve- 
nient coupling  device.  The  presence  or 
absence  of  the  scape,  therefore,  is  not  a 
useful  character  in  phylogeny.  It  is  of  in- 
terest that  Argiope  ocula  has  a  well-de- 
veloped scape  (Fig.  14).  This  species  has 
also  several  other  characters  that  I  consid- 
er primitive:  the  posterior  eye  row  is  only 
slightly  procurved,  and  the  abdomen  is 
cylindrical.  Argiope  macrochoera,  which 
has  an  indication  of  a  scape  (Fig.  19),  is 
perhaps  not  closely  related  to  A.  ocula, 
judging  by  abdomen  shape  and  general 
epigynal  structure. 

12.  Terminal  Apophysis.  The  Argiopi- 
nae  lack  a  terminal  apophysis  in  the  male 
palpus.  There  is  also  no  terminal  apoph- 
ysis in  Nephilinae,  Metinae,  Tetragna- 
thinae,   Cyrtophorinae,   and    Mastophori- 


nae.  There  is  a  terminal  apophysis  in 
Araneinae  and  related  genera,  a  synapo- 
morphy  of  the  genera  included.  The  ter- 
minal apophysis  in  some  linyphiids  and 
mimetids  may  not  be  homologous  with 
that  of  Araneinae. 

13.  Median  apophysis.  The  median 
apophysis  is  absent  or  very  small  in  the 
male  palpus  in  Nephilinae,  Metinae,  Te- 
tragnathinae,  and  Cyrtophorinae.  It  is  al- 
ways present  as  a  large  structure  on  Ar- 
giopinae  (Fig.  13),  Mastophorinae  and  the 
various  genera,  most  of  which  are  placed 
in  the  Araneinae.  1  consider  this  a  synap- 
omorphy  of  the  genera  within  these 
groups.  (The  lobe  present  in  some  species 
of  Cyrtophorinae  in  place  of  the  median 
apophysis  may  not  be  homologous  with 
the  median  apophysis.) 

14.  Spur  of  the  Median  Apophysis.  The 
spur  of  the  median  apophysis  is  almost  al- 
ways thread-shaped  in  Argiope,  Gea,  and 
Neogea  (Fig.  13).  Exceptions  are  the 
thorn-shaped  spur  in  A.  ocula,  perhaps  a 
primitive  feature,  and  the  loss  of  the  spur 
in  A.  trifasciata.  The  spur  of  the  median 
apophysis  of  other  genera  is  almost  never 
filamentous  (an  unusual  exception  is  that 
of  Micrathena  gracilis  species  group).  I 
consider  the  thread-shaped  nature  of  the 
spur  of  the  median  apophysis  a  synapo- 
morphy  of  the  genera  in  Argiopinae. 

15.  Embolus  and  Conductor.  Unlike 
that  of  other  araneid  genera,  the  embolus 
and  conductor  of  the  male  palpus  is  often 
enlarged,  frequently  extending  far  be- 
yond the  spherical  tegulum  (Fig.  13).  The 
embolus  and  conductor  of  Nephila,  PacJi- 
ygnatha,  and  Tetragnatha  is  also  large. 
But  since  the  bulb  has  not  twisted  (see 
above,  no.  1),  the  configuration  differs,  and 
the  large  embolus  and  conductor  is  prob- 
ably a  convergence.  There  are  Argiope 
species  in  which  these  structures  are  rel- 
atively small,  probably  a  primitive  con- 
dition: A.  aemida  and  A.  catenulata.  The 
kink  and  pendant  displayed  by  members 
of  the  A.  aetherea  group  (Fig.  13)  is  a 
specialization,  as  is  the  coil  of  A.  trifas- 
ciata. Phylogenetically,  the  straight  em- 
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TaHLK   1.       C^1.A1)()C;HAM  Ol'  Sl'BFAMILIKS  OK  THK  AKANKIDAE. 


Nephi 1 inae       Hetinae 


Tetra^iJ thinae 


Cyrtophorinae 


Ai-giopinae 


Mrtstophorinao 


predisposi  tion   to: 

ose  tapetum 

'  a   separate   scler  i  te 

ose   epigynum 

posterior   unpaired  median 
cecum   {Palm^ren,    1 


predisposition    for: 
long  chel icerae 
long   endites 
P   mod  1 f 1 ed 


bulb   twists   and   sclerites    face    'ledi.an    M) 
'■■jduced  tapetum  in  PME   (?' 


imitive   characters:      orh-web.    canoe-shaped    tapetum,    tahiutv   rebordered,   coliilus   present. 


Abbreviations.  P,  paracymbium;  PE,  posterior  eyes;  PLE,  posterior  lateral  eyes;  PME,  posterior  median  eyes. 
Numbers  in  parentheses  refer  to  paragraphs  in  the  text. 


bolus  and  conductor  of  A.  aurantia  would 
place  this  species  near  the  center  of  the 
Argiope  species.  The  large  size  of  embolus 
and  conductor  is  an  uncertain  synapo- 
morphy  of  the  Argiopinae. 

Comment.  When  making  the  simple 
computer  cladogram  (Levi,  1980:  table  2) 
I  was  concerned  that  only  slight  changes 
in  weighting  of  characters  would  result  in 
major  changes  in  the  cladogram.  Here  the 
groups  are  nested  according  to  their  most 
unusual  specializations  (Table  1). 

My  ideas  on  phylogeny  and  relation- 
ships are  changing  as  I  study  these  genera 
a  second  time.  For  instance,  Cyrtophora 
and  Mecynogea,  previously  placed  in  the 
Araneinae  (Levi,  1980),  are  here  relegated 
to  their  own  subfamily  (Table  1).  An  ex- 
pansion of  thoughts  on  possible  araneid- 
uloborid  relationships  is  found  in  Cod- 
dington  (in  preparation)  and  Eberhard 
(1982).  The  Theridiidae,  Nesticidae,  and 
Linyphiidae  probably  had  Metinae-like 
ancestors  and  branched  off  from  the  base 


of  the  branch  of  the  Metinae  and  Tetrag- 
nathinae  (Table  1).  Shear  (1981)  also 
would  place  the  origin  of  the  Mimetidae 
in  this  vicinity.  This  would  make  the  fam- 
ily Araneidae  as  here  presented  paraphy- 
letic.  But  is  this  really  objectionable  in  a 
classification? 

DISCUSSION 

Despite  1 1  new  species  of  Argiope  and 
1  new  Gea,  the  total  number  of  species 
for  the  area  is  only  slightly  more  than  half 
the  number  listed  (to  1938)  in  Roewer's 
catalog  of  spiders.  The  other  names  listed 
are  actually  synonyms,  the  result  of  in- 
adequate descriptions.  (When  the  synon- 
ymies revealed  here  could  be  attributed 
to  obvious  similarities  in  genitalia  and  ab- 
domen coloration  and  structure,  no  fur- 
ther reason  for  the  synonymy  is  given.) 

Many  species  have  enormous  ranges:  A. 
bruennichi  from  western  Europe  to  Ja- 
pan; A.  lobata  from  the  Mediterranean  to 
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Java  and  perhaps  New  Caledonia,  Austra- 
lia, and  Africa;  and  A.  trifasciata,  com- 
mon in  the  Americas,  Hawaii,  Australia, 
and  North  Africa.  Many  other  species  are 
probably  restricted  in  distribution,  al- 
though this  is  difficult  to  ascertain  because 
of  inadequate  available  collections. 

The  greatest  number  of  species  of  the 
group  is  found  in  New  Guinea  and  Aus- 
tralia. The  number  declines  towards  the 
Asian  mainland:  There  are  6  in  Japan  and 
Korea,  8  in  China  and  Taiwan,  9  in  India, 
9  in  southeastern  Asia  (Malayan  Peninsu- 
la, Burma,  Thailand),  12  in  Java  and  Su- 
matra, 6  in  Borneo,  7  in  the  Philippines, 
18  in  New  Guinea,  and  11  in  Queensland, 
Australia  (see  Map  1). 

Unlike  most  spiders,  Argiope  are  large 
and  showy,  usually  hanging  in  conspicu- 
ous webs  in  the  open  (Plate  1).  Most  species 
were  named  during  the  19th  or  early  20th 
century.  Argiope  also  has  been  fairly  well 
collected.  Of  the  11  new  species  in  the 
subfamily  6  come  from  Australia;  2  from 
the  Caroline  Islands;  and  1  new  species 
each  from  New  Guinea,  New  Caledonia, 
Solomon  Islands,  Philippines,  and  Thai- 
land. Since  most  museum  collections 
available  are  the  result  of  efforts  by  am- 
ateurs, the  collections  contain  a  prepon- 
derance of  females  and  only  very  few  of 
the  small  males. 

Most  species  are  very  distinct  and  can 
be  separated  by  genitalia  as  well  as  by 
their  appearance.  There  are  several  ex- 
ceptions: Argiope  versicolor  and  A.  piil- 
chella  in  southwestern  Asia  to  Indonesia 
are  similar  in  appearance  and  also  have 
quite  similar  genitalia.  Also  A.  taproban- 
ica  and  A.  versicolor  have  a  similar  pat- 
tern. Their  distributions  overlap.  Another 
such  group  (but  with  allopatric  distribu- 
tion) is  A.  reinwardti  from  Indonesia  to 
New  Guinea  and  A.  caesarea  from  Burma 
and  India;  perhaps  this  is  just  a  geographic 
variant  of  A.  reinwardti. 

Argiope  species  apparently  have  inher- 
ited a  developmental  capacity  for  various 
coloration,  and  similar  patterns  reappear 
in  several  unrelated  species  (Figs.  22,  45, 
170,  208,  244,  and  257). 


Another  problem  is  the  Argiope  aeth- 
erea  group.  Argiope  aetherea,  described 
from  New  Guinea,  is  quite  variable  in  ap- 
pearance, its  abdomen  ranging  from 
banded  to  having  only  a  black  posterior 
tip  (Figs.  303,  305).  The  sympatric  A.  pic- 
ta  (originally  described  from  Australia)  has 
a  different  abdominal  shape  and  pattern. 
Yet  the  genitalia,  especially  the  epigyna, 
are  disconcertingly  similar.  Are  the  spec- 
imens here  labeled  A.  aetherea  from  Aus- 
tralia really  the  same  species?  (In  most, 
the  sternum  is  not  such  a  bright  yellow  as 
in  New  Guinea  specimens,  but  Australian 
specimens  also  come  with  banded  or  black 
tipped  abdomen.)  Argiope  brunnescen- 
tia,  from  the  Bismarck  Archipelago  and 
eastern  New  Guinea,  is  probably  distinct; 
its  range  overlaps  with  that  of  A.  aether- 
ea. But  are  A.  aetherea-\\Ve  specimens 
from  the  Solomon  Islands  and  New  Heb- 
rides (Figs.  306,  307)  and  Argiope  truk 
(from  Truk  Island,  Caroline  Islands)  sep- 
arate or  just  subspecies  of  the  variable  A. 
aetherea? 

While  a  published  monograph  may  ap- 
pear to  provide  definite  solutions,  and 
readers  infer  that  the  author  is  certain  of 
his  findings,  more  likely  the  work  only 
identifies  and  illuminates  tantalizing 
problems.  Especially  to  those  with  no  ex- 
perience with  taxonomic  problems,  a  pub- 
lished monograph  has  an  unfortunate  aura 
of  authority. 

Subfamily  Argiopinae  Simon,  1890 

Argiopidae  Simon,  1890:  81.  Type  genus  Argiope. 
Argiopinae  Simon,  1895,  Histoire  Naturelle  des  Ar- 
aignees,  1:  759. 

Diagnosis.  Argiopinae  difier  from  Ar- 
aneinae  and  other  subfamilies  of  the  Ar- 
aneidae  by  having  the  posterior  eye  row 
procurved  when  seen  from  above  (Figs. 
27,  52,  348,  402). 

The  posterior  eyes  differ  structurally 
from  those  of  other  subfamilies  of  the  Ar- 
aneidae:  both  the  laterals  and  the  medians 
have  the  canoe-shaped  tapetum  reduced 
to  a  sliver;  rows  of  rhabdoms  lacking  ta- 
petum are  arranged  along  the  side  (to- 
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Table  2.  Ci.AncKiH wi  of  the  genera  of  the  subfamii.y  Aiu;iorM\AE. 


fleoqea 


Argiope 


Gea 


I PHE  close  to  each  other 


I  egg-sacs   hang    in   web 
silk   tufts   on   frame   threads 


PE  equally  spaced 

PME  moved   posteriorly 

rows  of  ventral   abdominal    patches 

predisposition   to  elongate  M 


primitive  characters: 

PE   row   procurved 
tapetum  reduced   in  RLE 


Abbreviations.  M,  median  apophysis;  PE,  posterior  eyes;  PLE,  posterior  lateral  e>es;  PME,  posterior  median 
eyes. 


ward  the  median  of  the  animal)  (Figs.  9- 
11).  The  anterior  lateral  eyes  are  much 
smaller  than  the  others  and  have  a  full 
canoe-shaped  tapetum  (Figs.  9,  11). 

Structure  and  Color.  The  head  is  small 
in  Argiopinae  compared  to  the  wide,  al- 
most circular  thorax.  The  lateral  eyes  are 
on  a  tubercle;  the  small  anterior  laterals 
cannot  be  seen  from  above,  as  they  face 
forward  and  slightly  to  the  side  (Figs.  1- 
6).  The  chelicerae  are  weaker  than  those 
of  Araneus,  with  a  smaller  boss  at  the  base. 
There  are  usually  two  comma-shaped 
depressions  in  the  carapace.  The  carapace 
is  almost  always  covered  with  white  or  sil- 
ver down.  The  legs  are  relatively  longer 
than  in  genera  of  the  Araneinae.  The  first 
and  second  legs  are  subequal  in  length; 
the  fourth  is  slightly  shorter,  the  third 
much  shorter.  The  abdomen  is  never 
spherical,  rarely  cylindrical  (Fig.  16),  often 
ovoid  (Fig.  33),  pentagonal  (Fig.  45), 
sometimes  lobed  along  the  sides  (Fig.  93), 
and  often  dorso-ventrally  flattened.  The 
abdomen  is  often  brightly  colored  with 
silver  or  gold  and  black  on  the  dorsum, 
and  usually  with  two  white  paraxial  lines 
on  the  venter  (Figs.  23,  28,  79,  333).  Some 
species  can  instantaneously  change  the 
color  of  the  abdomen  when  dropping  out 
of  the  web  (Sabath,  1970;  Bristowe,  1976). 

The  epigynum  usually  lacks  a  scape,  but 
almost   always   has   a   septum    (Fig.    12). 


Sometimes  the  openings  face  dorsally  and 
are  hidden  below  a  projection  from  the 
genital  area  (Figs.  81,  82,  99,  100).  The 
epigynum  usually  has  an  anterior  bulge,  a 
more  or  less  transverse  rim,  and  a  pair  of 
depressions  separated  by  a  septum  which 
is  usually  continuous  anteriorly  with  the 
rim.  Posteriorly  the  septum  widens  into  a 
posterior  plate  (Fig.  12).  The  openings  are 
within  the  depression,  sometimes  a  slit 
with  lips  or  a  round  opening  (Fig.  12). 

The  males  are  much  smaller  than  fe- 
males, and  never  have  modified  legs,  ex- 
cept that  stronger  macrosetae  are  found 
occasionally  in  Gea  species.  Males  have  no 
hook  on  the  first  coxae,  and  lack  a  tooth 
on  the  outside  of  the  endite  and  on  the 
base  of  the  palpal  femur. 

The  male  palpus  is  complex  and  always 
has  a  small  median  apophysis  (larger  in 
Gea  species),  a  large  embolus,  sclerites  be- 
tween the  tegulum  and  embolus  (the 
stipes)  in  Gea  and  Argiope,  and  a  large 
conductor.  There  is  never  a  terminal 
apophysis  (Fig.  13). 

Natural  History.  All  Argiope  and  Gea 
are  diurnal  spiders  that  rest  in  the  center 
of  the  web,  head  down.  Many  species  have 
a  stabilimentum  in  the  web  (Plate  1).  The 
stabilimentum  may  have  only  two  lines 
(A.  aurantia  in  America);  more  common- 
ly it  has  four  lines  which  may  not  all  be 
present   (Robinson  and  Robinson,   1980). 
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Possibly  the  stabilimentum  functions  to 
warn  potential  predators  that  bill  and 
feathers  are  likelv  to  be  gummed  up  by 
silk  threads  (Horton,  1981).  Olive  (1980) 
tried  to  describe  the  niches  of  Argiope 
species  as  compared  with  Araneus  species. 

Genera.  The  subfamily  has  three  gen- 
era: Argiope,  Gea,  and  the  new  genus 
Neogea.  The  larger  posterior  median  eyes 
of  Gea  have  evolved  at  least  twice,  once 
in  Gea  and  a  second  time  in  some  of  those 
species  here  placed  in  the  new  genus  Neo- 
gea. 

The  genus  Argiope  has  at  various  times 
been  split  into  numerous  smaller  genera 
(Kishida,  1936).  I  do  not  find  this  frag- 
mentation into  monophyletic  genera  use- 
ful; the  numerous  names  are  confusing. 

Key  to  Genera 

1.  Female  abdomen  black,  with  discrete  white 

spots  on  dorsum  as  in  Figs.  39.5,  402,  404; 
epigynum  not  sclerotized  (Figs.  393,  399, 
401);  male  without  stipes  in  palpus  (Figs. 
397,  406) Neogea 

-  Female  abdomen  otherwise  (Figs.  27,  39,  373); 

male  always  with  a  stipes  in  palpus  (Figs. 
13,387)  .... ' 2 

2.  Posterior  median  eyes  closer  to  each  other 

than  to  laterals  in  adults  (Figs.  27,  45,  64) 
Argiope 

-  Posterior  median  eves  equally  spaced  (Figs. 

348,  353,  371)  '.. '.. Gea 

Argiope  Audouin 

Argiope  Audouin,  1826:  121.  Type  species  designat- 
ed by  Thorell,  1869:  51:  Argiope  lohata.  Opinion 
1038  of  Int.  Comm.  Zool.  Nomencl.  (1975)  vali- 
dates the  generic  name  and  places  the  name  on 
the  Official  List  of  Generic  Names  in  Zoology  w  ith 
the  name  no.  2009.  Various  other  spellings  of  the 
name  have  been  invalidated. 

Miranda  C.  L.  Koch,  1835:  128,  pi.  14.  Type  species 
Miranda  transalpina  C.  L.  Koch  [=Argiope  bruen- 
nichi  (Scopoli)]. 

Metargiope  F.  P. — Gambridge,  1903:  451.  T\  pe 
species  by  monotypv  .A.  trifasciata. 

Austrargiope  Kishida,  1931:  129*.  Type  species  by 
original  designation  and  monot\p\    .Austrargiope 


*  Original   not  a\ailahlc.   al 
14-27. 


from    Kishida,    1936: 


plana  (L.  Koch)  [=A.  trifasciata].  NEW  SYNON- 
YMY. 

Coganargiope  Kishida,  1931:  129*.  Type  species  by 
original  designation  and  monot\p\-  Co_ganargiope 
amoena  (L.  Koch).  NEW  SYNONYMY. 

Mesargiope  Kishida,  1931:  130*.  Subgenus  of  Co- 
ganargiope. Type  species  by  original  designation 
and  monotypy  Coganargiope  {Mesargiope)  aeth- 
erea  (Walckenaer)  [misidentification  of  A.  hoesen- 
bergi  n.  sp.].  NEW  SYNONYMY. 

Micrargiope  Kishida,  1931:  130*.  Subgenus  of  Co- 
ganargiope. Type  species  by  original  designation 
and  monotypv  Coganargiope  (Micrargiope)  njin- 
iita  (Karsch).  NEW  SYNONYMY. 

Chaetargiope  Kishida,  1931:  130*.  Type  species  by 
original  designation  and  monotypv  Chaetargiope 
(Chaetargiope)  picta  (L.  Koch).'  NEW  SYNONY- 
MY. 

Neargiope  Kishida,  1931:  131*.  Subgenus  of  Chae- 
targiope. Type  species  by  original  designation  and 
monotypv  Chaetargiope  {Neargiope)  regalis  (L. 
Koch)'[=A.  aetherea].  NEW  SYNONYMY. 

Brachygea  di  Gaporiacco,  1947:  24.  Type  species  by 
original  designation  and  monotypy  B.  platijce- 
phala  di  Gaporiacco  [=Argiope  trifasciata  (For- 
skal)].  NEW  SYNONYMY. 

Diagnosis .  Argiope  is  separated  from 
Gea  and  Neogea  by  the  arrangement  of 
eyes  in  females,  and  usually  in  males:  the 
posterior  median  eyes  are  closer  to  each 
other  than  to  the  laterals  in  Argiope  (Figs. 
27,  45,  64).  Also,  the  head  region  bearing 
the  posterior  median  eyes  is  lower  than  in 
Gea  and  Neogea,  and  the  carapace  is  rel- 
atively wider  in  the  thoracic  region  (Figs. 
1,  3,  5). 

Coloration.  The  carapace  is  usually 
covered  with  white  or  silver  down.  Al- 
though females  of  Argiope  species  have  a 
number  of  unusual  patterns  on  the  abdo- 
men, similar  patterns  appear  in  groups 
unrelated  to  one  another,  judging  rela- 
tionship by  genitalic  structure  (e.g.,  A.  tri- 
fasciata markings  are  displayed  also  by 
aemula  and  magnifica;  reinwardti  mark- 
ings by  aetherea,  liizona,  amoena,  and 
keijserlingi).  Species  with  ver\'  similar 
genitalia  often  have  very  different  color 
markings,  which  facilitate  their  diagnosis; 
thus,  Argiope  aetherea  and  A.  picta  of 
New  Guinea  are  more  easily  separated  by 
pattern  than  b\  genitalic  structure  (Figs. 
297-307,  310-314).  The  venter  of  the  ab- 
domen is  usually  black  with  two  paraxial 
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white  lines  enclosing  paired  white  spots. 
This  ventral  pattern  may  be  diagnostic 
(e.g.,  A.  catcniilata.  Fig.  40;  A.  hougaiu- 
villa.  Fig.  290). 

Structure.  Argiope  species  have  a  nar- 
row head,  contrasting  with  a  very  wide 
thoracic  region  (Figs.  1-7);  the  chelicerae 
are  relatively  weak.  Some  specimens  have 
a  tubercle  on  the  sternum  opposite  each 
co.xa.  The  legs  are  long,  the  first  longest, 
the  second  almost  as  long,  the  fourth 
shorter,  the  third  very  much  shorter.  The 
shape  of  the  abdomen  varies  from  cylin- 
drical (Fig.  16)  to  oval  (Fig.  289),  pentag- 
onal (Fig.  27),  or  shield-shaped  (Fig.  313). 

Behavior.  Argiope  make  a  characteris- 
tic orb-web,  usualK  w  ith  a  stabilimentum 
(Plate  1).  Much  of  what  is  known  of  both 
web  and  mating  behavior  is  reported  in 
M.  H.  Robinson  and  B.  Robinson  (1980). 

Species.  There  are  49  species  in  the  Pa- 
cific area,  including  eastern  Asia,  2  species 
in  Europe,  7  in  the  Americas,  and  about 
10  in  Africa  and  western  Asia. 

Distribution.  Argiope  species  are  found 
worldwide,  absent  only  from  the  coldest 
regions. 

Species  groups.  There  are  several  dis- 
tinct species  groups  and  numerous  species 
not  close  to  others.  Characters  for  males, 
especially  their  palpi,  are  useful  not  only 
to  separate  the  subfamilies  of  Araneidae, 
but  also  for  understanding  relationships  at 
the  species  level.  Unfortunately,  for  many 
species  the  males  are  not  known. 

1.  Argiope  ocula  group:  Argiope  ocula 
has  a  characteristic  triangular  scape  (Fig. 
14),  an  unusual  plesiomorph  feature;  the 
posterior  eye  row  is  only  slightly  pro- 
curved,  and  the  abdomen  is  cylindrical, 
another  primitive  feature.  However,  as  in 
more  specialized  Argiope,  the  conductor 
and  embolus  extend  beyond  the  tegulum 
(Fig.  18).  The  presence  of  a  scape  in  the 
epigynum  of  A.  macrochoera  (Fig.  19)  and 
A.  manila  (Fig.  24)  may  relate  them  to  A. 
ocula,  but  more  likely  it  is  a  convergent 
structure. 

2.  Argiope  aemula  group:  Females  are 
characterized  bv  the  swollen  rims  and  lat- 


Plate  1 .  Argiope  versicolor  (Doleschall).  Female  from  Sara- 
wak with  web  having  an  unusually  dense  stabilimentum  (pho- 
to F.  Wanless). 


eral  margins  of  the  epigynum  (Figs.  29- 
32,  36-38).  The  small,  short  embolus  of  A. 
aemula  and  A.  catenulata  are  primitive 
(Figs.  35,  41).  To  this  group  belong  A. 
aemula  and  A.  catenulata. 

3.  Argiope  reinwardti  group:  Members 
of  this  group  have  a  wide  median  septum 
in  the  epigynum  (Figs.  42,  47,  56).  The 
only  male  known,  that  of  A.  reinwardti, 
has  a  relatively  short  embolus  and  con- 
ductor (Fig.  54).  The  group  includes  A. 
reinwardti,  A.  buehleri  and  A.  caesarea. 
Since  they  are  allopatric,  they  may  all  be- 
long to  the  same  species. 

4.  Argiope  amoena  group:  Females 
have  the  epigynum  modified  anteriorly 
(Figs.  61,  67,  73).  In  males,  the  embolus 
is  long  and  straight,  held  by  a  straight  pro- 
jecting conductor  (Figs.  66,  72,  80).  To 
this  group  belong  A.  boesenbergi,  A. 
amoena,  and  A.  magnifica.  Argiope 
bruennichis  palpus  is  close  to  this  group, 
but  the  much  modified  epigynum  has  lost 
the  septum  and  is  pulled  posteriorly  (Figs. 
81-83).  Also,  the  American  A.  aurantia 
may  belong  to  this  group. 

5.  Argiope  trifasciata  group:  Females 
of  many  species  have  a  tail  on  the  abdo- 
men (Figs.  104,  110).  The  epigynum  may 
be  lightly  sclerotized.  In  males  of  many 
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species  the  embolus  and  conductor  are 
longer  and  more  elaborate  than  in  the 
arnoena  group  (Figs.  106,  111,  119).  To 
this  seemingly  specialized  group  belong 
species  having  a  folium  pattern  on  the  ab- 
domen (Figs.  122,  139),  perhaps  a  primi- 
tive feature  seen  commonly  in  females  of 
other  subfamilies.  Argiope  trifasciata,  A. 
protensa,  A.  probata,  A.  hullocki,  A.  ocy- 
aloides,  A.  dietrichae,  A.  doboensis,  and 
A.  chloreis  belong  here;  perhaps  also  A. 
katherina.  The  American  species,  A.  ar- 
gentata,  A.  florida,  A.  blanda,  and  A.  sa- 
vigniji  also  belong  here. 

6.  The  Argiope  anasuja  group  includes 
mostly  small  species  which  tend  to  have  a 
flange  on  the  rim  of  the  epigynum  (Figs. 
12,  167).  The  males  of  only  a  few  species 
are  known.  Included  in  this  group  are  A. 
minuta,  A.  perforata,  A.  hahnaherensis, 
A.  possoica,  A.  mascordi,  A.  keyserlingi, 
A.  kochi,  and  A.  Caledonia. 

7.  Argiope  aether ea  group  is  the  larg- 
est, the  most  distinct,  and  perhaps  the  most 
specialized.  The  species  are  often,  judging 
by  their  genitalia,  closely  related  and  fair- 
ly specialized.  Females  of  the  group  are 
characterized  by  a  relatively  narrow  epig- 
ynal  rim,  a  septum,  and  in  most  species  a 
tubercle  on  the  margin  on  each  side  of  the 
posterior  plate  in  posterior  view  (Fig.  12). 
In  males  the  embolus  is  curved  and  de- 
scribes a  semicircle;  in  many  species  there 
is  a  kink  between  semicircle  and  tip  (Fig. 
13).  Other  members  of  the  group  are:  A. 
liizona,  intricata,  modesta,  ptilchella, 
versicolor,  appensa,  brunnescentia,  bou- 
gainvilla,  pentagona,  picta,  radon,  pon- 
ape,  taprobanica,  and  truk. 

Species  of  doubtful  placement  include 
Argiope  thai,  iakuni,  and  niasensi.s,  in  all 
of  which  the  male  is  not  known.  Argiope 
lobata,  with  males  known,  is  not  close  to 
any  group. 

M.  H.  Robinson  and  B.  Robinson  (1980) 
divide  courtship  and  mating  behavior  of 
tropical  araneid  orb-weavers  into  three 
groups,  with  that  of  some  Argiope  in 
Group  A,  that  of  others  in  Group  B,  and 
that  of  a  Gea  in  Group  C.  They  consider 


Group  A  behavior  to  be  primitive,  Group 
B  intermediate,  and  Group  C  the  most  ad- 
vanced. They  also  believe  that  the  behav- 
ior of  Group  C  may  have  evolved  several 
times.  My  findings  here  agree  in  general 
with  this  assessment.  A.  reinwardti  of 
Group  A  is  certainly  one  of  the  most  prim- 
itive Argiope.  Argiope  magnifica  [A.  ae- 
mida:  Robinson  and  Robinson]  and  A.  au- 
rantia  have  specialized  features,  although 
of  Group  A.  Group  B  includes  A.  picta, 
A.  aetherea,  and  A.  radon,  the  most  spe- 
cialized Argiope.  But  the  group  also  in- 
cludes A.  aeniula  ("Wau  No.  5"  and  "Sin- 
gapore No.  1"),  which  I  would  consider  a 
species  with  primitive  morphological  fea- 
tures. Gea  eff  ("Wau  No.  1"),  placed  in 
Group  C  with  other  species  of  Gea,  I  con- 
sider more  specialized  than  anv  Argiope 
(Table  2). 

Misplaced  Argiope 

Argiope  aequior  Chamberlin,  1924:  16,  pi.  4,  fig.  33, 
6.  Male  from  N.  Gist  Gee,  Soochow ,  China  in  the 
U.S.  National  Museum  of  Natural  History,  Wash- 
ington, examined,  is  an  oxyopid. 

Argiope  aurea  Saito,  1934a:  316,  pi.  13,  fig.  20,  pi. 
15,  fig.  63,  2.  The  illustrations  show  a  wide  head, 
recurved  posterior  e>e  row,  and  the  epig\num 
having  the  remains  of  a  scape  w  hich  has  been  torn 
off.  It  is  a  relative  of  Aranetis. 

Argiope  carinaia  L.  Koch,  1871:  29,  pi.  2,  fig.  7. 
Juvenile  holotype  and  fragments  of  paratype  in 
poor  physical  condition,  broken,  bleached  and 
shrimken,  from  '"New  Holland  '  [.\ustralia]  in  the 
Naturhistorisches  Museiun,  Wien,  examined.  The 
shapes  of  the  abdomen  and  ventral  markings  are 
distinct,  like  those  of  A.  argentata.  No  species  sim- 
ilar to  A.  argentata  is  known  from  .Australia.  There 
is  a  mistake  in  the  localit>  label;  it  comes  from 
America. 

Argiope  lepida  Thorell,  1898:  337.  Male  holotype 
from  Mount  Carin  [Karen]  Cheba,  Burma  in  the 
Museo  Civico  di  Storia  Naturale,  Geneva,  exam- 
ined, is  probably  the  male  of  Actisilas  eoccineiis 
Simon,  1895.  It  has  a  ver\  narrow  head  and  a 
strongK   recurved  eye  row  . 

Argiope  leucopicta  Urquart,  1890:  234.  Female  ho- 
lotype from  Fiji  Islands,  lost.  It  is  not  in  the  Otago 
Museum,  Dunedin,  nor  in  the  Canterbury  Mu- 
seum, Christcluircli.  The  description  of  the  re- 
curved posterior  row  of  eyes  and  color  pattern  of 
the  abdomen  suggest  that  this  is  a  species  of  Cijr- 
tophora. 

Argiope  luajti  Bosenberg  antl  Strantl,   1906:  201,  fig. 
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Figures  1-13.     Argiope  morphology.  1-6.  Female  eye  region  and  chelicerae,  face  view  and  lateral.  1,  2.  ,4.  doboensis.  3,  4.  A. 

versicolor.  5,  6.  A.  aetherea.  7,  8.  Male,  dorsal  view  and  eye  region  and  chielicerae,  A.  picta.  9-11.  Female  secondary  eyes.  9, 

11.  Left  lateral  eyes.  10.  Posterior  median  eyes.  9,  10.  A.  aemula.  ^^.  A.  trifasclata.  12.  Diagrammatic  epigynum.  13.  Left  male 

palpus,  mesal. 

Scale  lines.  1 .0  mm,  except  Figures  9-1 1 ,  0.1  mm. 

Abbreviations.  C,  conductor;  E,  embolus;  I,  stipes;  M,  median  apophiysis;  P,  paracymbium;  R,  radix;  T,  tegulum. 
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1,  9.  Female  holotype  from  Yokohama,  Japan,  lost. 
This  is  probabK  Sephila  clavata  L.  Koch. 

Argiope  sachalinensis  Saito,  1934b:  332,  fig.  6,  9.  The 
epigynum  in  Saito's  illustration  of  this  species  from 
Sachalin  [Sakhalin]  has  an  annulate  scape.  The 
species  is  probably  an  Araneus. 

Argiope  viabilior  Chamberlin,  1924:  16.  pi.  4,  fig.  32, 
S.  Male  from  \.  Gist  Gee.  Soochow,  China,  palpi 
lost,  in  the  U.S.  National  Museum  of  Natural  His- 
tory, Washington,  examined,  is  an  oxyopid. 

Not  Recognizable 

Argiope  manicata  Thorell,  1859:  300.  Two  juvenile 
specimens  from  Hong  Kong  in  the  Naturhistoriska 
Riksmuseet,  Stockholm  labeled  "Argiope  tarsalis" 
appear  to  be  the  types  of  A.  manicata.  The  ab- 
domen o\ate  to  subpentagonal,  angular  anteriorly, 
ash  gra>  above,  the  posterior  black.  Is  this  a  juve- 
nile specimen  of  A.  amoena  or  perhaps  of  A.  cae- 
sarea'^ 

Key  to  Wester.n  Pacific  Area  Argiope  Females 

1.  Abdomen  oval  with  large  lobes  all 
around,  as  in  Figures  93-96;  wide- 
spread (Map  3)  lobata 

-  Abdomen  various  shapes,  without  lobes 

or  onlv  shallow  lobes 2 

2(1).  Suboval  abdomen  with  transverse  dark 
lines  on  dorsum,  lines  narrower  than 
intermediate  light  areas  (Figs.  33,  78, 
84,  115)  _ 20 

-  Abdomen  otherwise 3 

3(2).  Epigynum  v\  ith  septum  constricted  an- 
teriorly forming  a  scape  (Figs.  14.  19, 

24)  ' 24 

-  Epigynum  without  such  scape  4 

4(3).        Abdomen  with  at  least  four  narrow  black 

and  white  bands  of  equal  width,  pos- 
terior on  dorsum  (Fig.  332);  Caroline 
Islands  (Map  5)  _ ponape 

-  Abdomen  marked  otherwise  5 

5(4).        Dorsum  of  abdomen  with  one  to  three 

wide,  transverse  white  bands  separat- 
ed by  black  bands  which  on  the  pos- 
terior of  the  abdomen  are  about  equal 
\\ idth  or  \\ ider  than  white  bands  (Figs. 
52,  70.  170,  244,  257);  abdomen  pen- 
tagonal or  shield-shaped,  widest  in 
middle  or  in  posterior  half 26 

-  Abdomen  marked  otherv\ise  6 

6(5).        Abdomen  with  a  post-spinneret  tail  (Figs. 

102-104,  109,  110)  or  pointed  behind 
(Figs.  105,  128,  134);  New  Guinea, 
Australia,  New  Zealand 43 

-  Abdomen    roimded    behind    spinnerets, 

with  at  most  a  slight  overhang  7 

7(6).  Epigynum  with  anterior  edge  of  rim 
broken,  lateral  part  of  rim  narrower 


than  median  or  lateral  part  grading 
into   anterior   bulge   (Figs.    263.    266, 

271)  46 

Epigynum  with  rim  entire  (Fig.  12)  8 

8(7).  Abdomen  widest  posteriorly  with  a  me- 
dian longitudinal  band  of  w  hite  scales 
breaking  transverse  black  and  white 
marks  (Fig.  39);  epigv  num  with  thick 
\'-shaped  rim  and  septum;  septum 
width  one  third  that  of  epigynum  (Fig. 
36);  China,  India  to  New  Guinea  (Map 
2)  catenulata 

-  Abdomen  marked  otherwise;  epigynum 

otherwise  9 

9(8).  Abdomen  shield-shaped,  with  anterior 
humps  and  with  a  median  longitudi- 
nal black  band  constricted  anteriorly 
and  a  w  ide  white  band  on  each  side 

(Fig.  165);  southern  China  (Map  4) 

perforata 

-  Abdomen  otherwise 10 

10(9).      Oval  abdomen  mostK    dark  except  for 

contrasting  vellow  or  light  colored 
shoulders  on  dorsum  (Figs.  117,  155, 
289)  47 

-  Abdomen  marked  otherwise  11 

11(10).    Underside  of  abdomen  with  median  area 

white  (Figs.  147,  149.  151,  296)  49 

-  Underside  of  abdomen  with  two  parax- 

ial white  lines  enclosing  white  spots 

on  black  1 2 

12(11).  Epig\num  trapezoid  in  outline,  as  wide 
as  long,  widest  anterior!}  (Fig.  178); 
septum  width  half  that  of  epigynum; 
rims  are  short  anterior  arms  of  septum 
(Fig.  178);  abdomen  pentagonal  (Fig. 
181);  Indonesia  (Map  4)  niasensis 

-  Epigynum    otherwise,    abdomen   some- 

times pentagonal  13 

13(12).  Abdomen  shield-shaped  with  median 
dorsal  light  patches  framed  b\  black, 
as  in  Figure  313;  epig\  num  with  pos- 
terior lip  of  opening  (on  each  side  of 
posterior  plate)  swollen  (Fig.  311); 
Moluccas,  New  Guinea,  northern 
Australia  to  Santa  Cruz  Islands  (Map 
5)  picta 

-  Abdomen  marked  otherwise;  epigynum 

sometimes  with  posterior  lip  of  open- 
ing svN'ollen 1 4 

14(13).  Epigynum  longer  than  wide,  rim  with 
long  flanges  (Fig.  173);  abdomen  with 
three  pairs  of  white  patches  (Fig.  176); 

Halmahera,  New  Guinea  (Map  4)  

halmaherensis 

-  Epigynum  wider  than  long 15 

15(14).    Shield-shaped  abdomen  with  tv\o  small 

anterior  nipples  and  w  ith  paired  dor- 
sal marks  (Fig.  186);  venter  with  two 
white  exclamation  marks  (Fig.  187); 
epigvnum  as  in  Figures  183,  184,  w  ith 
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Map  2.    Distribution  of  Arglope  ocula,  A.  macrochoera,  A.  manila,  A.  aemula.  A.  catenulata,  A.  buehlen.  A.  caesarea.  and  A. 
reinwardti. 


very  wide  septum  and  posterior  plate; 

New  Guinea  (Map  4) takum 

Abdomen  and  epigynum  otherwise 16 

16(15).    Abdomen    with    a   dorsal    dark    folium. 


lighter  on  sides  or  with  outline  of  fol- 
ium visible  in  reticulate  pattern  (Figs. 

122,  139,  191,  214) 50 

Abdomen  marked  otherwise  _ _ 17 
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Map  3.     Distribution  of  Argiope  boesenbergi.  A.  amoena.  A.  magnifica,  A.  protensa,  A.  probata,  and,  eastern  Asian  and  western 
Pacific  distributions  of  A.  bruennlchi,  A.  lobata.  and  A.  thfasciata. 
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17(16). 


isir 


19(18). 


Center  of  abdomen  dorsum  white,  silver 
to  yellow  sometimes  framed  h\  black 
(Figs.  102,  303.  306,  320);  posterior 
abdominal  tip  nia\  lie  bUuk  (Figs.  303. 
320) 53 

Markings  otherwise 18 

Underside  of  abdomen  with  two  wide, 
light,  longitudinal  bands,  wider  be- 
hind than  in  front  and  separated  b\  a 
black  band  (Fig.  204);  dorsum  with 
indistinct  transverse  bands  (Fig.  203); 
epigynum  as  in  Figures  200-202; 
northern  .\ustralia  (Map  4)  kochi 

.\bdomen  marked  otherwise;  epigynum 
otherwise 19 

Anterior  half  of  pentagonal  abdomen 
light,  posterior  with  a  large  white 
patch  on  each  side  (Fig.  160);  epigy- 
num with  rim  thicker  than  septum  is 

wide  (Fig.  157);  Celebes  (Map  4)  

possoica 

.Abdomen  subcvlindrical.  with  anterior 
dorsal  humps  (Fig.  155);  epigvnum  as 
in  Figures  152,  153;  Thailand  (Map  4) 
thai 


20(2) 


24(3). 


25(24). 


26(5) 


27(26). 


28(27: 


Epigv  num  with  a  posterior  lobe,  con- 
taining depression  that  faces  dorsally; 
lacking  septum  (Figs.  81-83);  Eurasia 
(Map  3)  bruennichi 

Depression  facing  ventrally  (Fig.  112)  21 

21(20).  Septum  of  epigvnum  partK  bridging  rim 
(Fig.  112);  posterior  plate  filling 
depression;  each  side  of  septum  plate 
hollowed  out  (Fig.  112);  widespread 
(Map  3)  trifasciata 

-  Septum   branching   anteriorly    into   the 

rims  (Figs.  29.  73);  posterior  plate 
small,  not  filling  depression  (Figs.  30, 

74) 22 

22(21).    Underside  of  pentagonal  abdomen  with  29(26). 

two  wide  longitudinal  bands,  wider 
behind  than  in  front  and  separated  by 
a  black  band  of  equal  w  idth  (Fig.  204);  - 

posterior  of  dorsum  mostK  black  (Fig. 
203);  epigynum  as  in  Figures  200-202;  30(29). 

northern  .Australia  (Map  4)  kochi 

-  Abdomen  marked  otherwise  (Figs.  33, 

78);  epigynum  otherwise  (Fig.  29)  23 

23(22).  Posterior  plate  of  epigvnum  with  me- 
dian dorsal  hump  (bottom,  Fig.  30);  - 
posterior  plate  covered  on  sides  b\ 
lobes  of  lateral  margin  (Figs.  30,  31); 
lateral  margins  of  depression  rounded 
and  black  on  outside  (Figs.  29-31);  31(30). 
widespread,  Asia  to  New  Hebrides 
(Map  2)  aemula 

-  Posterior  plate  of  epigvnum   with  me-  - 

dian  ventral  hump  (top.  Fig.  77);  pos- 
terior plate  overhanging  lateral  mar-  32(31). 
gins  of  depression  (Figs.  74.  77);  lateral 


margins  of  depression  flat,  appearing 
"unfinished"  (Figs.  73,  76);  New 
CJuinea,  Solomon  Islands.  Australia 
(Map  3)  magnifica 

Abdomen  dorsum  with  transverse  bands 
(Fig.  22);  posterior  plate  with  three 
radiating  extensions  (Fig.  20);  Nico- 
bar  Islands  (Map  2)  macrochoera 

Abdomen  dorsum  with  white  patches 
(Fig.  27)  or  with  lateral  chevrons  (Fig. 
16);  posterior  plate  otherwise  (Figs.  15, 
25) 25 

Abdomen  dorsum  with  white  patches 
(Fig.  27);  depressions  on  each  side  of 
scape  (Fig.  24);  posterior  plate  longer 
than  wide  (Fig.  25);  Philippines  (Map 
2)  manila 

.Abdomen  dorsum  with  lateral  chevrons 
(Fig.  16);  epigvnal  depressions  facing 
posteriorly  (Fig.  15);  China,  Japan 
(Map  2)  ocula 

Epigvnum  longer  than  wide,  rarelv 
square  in  outline  (Figs.  61,  67.  173)  27 

Epigvnum  wider  than  long  in  outline 
( Fi^.  42 )  29 

Rims  of  epigynum  with  posterior  flanges 
(Fig.  173);  Halmahera,  New  Guinea 
(Map  4)  halmaherensis 

Epigvnum  otherwise  28 

Anterior  half  of  abdomen  dorsum  light; 
posterior  with  a  narrov\-  white  band 
on  black  (Fig.  64);  epigvnal  septum 
with  small  anterior  groove  and  lack- 
ing anterior  bulge  (Fig.  61);  Japan, 
China  (Map  3)  boesenbergi 

Abdomen  dorsum  evenly  banded  (Fig. 
70);  epigvnal  rim  U-shaped,  sur- 
rounding anterior  bulge  (Fig.  67);  Ja- 
pan, China  (Map  3)  amoena 

Epigv  nal  septimi  v\  idth  at  least  as  wide 
as  one  fourth  w  idth  of  epigv  num  (Figs. 
42,  47,  56) '.. 30 

Septum  width  less  than  one  quarter  of 
epigynum  (Figs.  157,  200)  33 

Depression  of  epigynum  bordered  by 
rim  laterallv  in  ventral  view  and  con- 
taining posterior  plate  (Fig.  222);  pos- 
terior plate  wider  than  septum  (Fig. 
223);  Sri  Lanka  (Map  5) taprobanica 

Depression  in  ventral  view  not  bordered 
laterally  by  rim  (Figs.  42,  47);  poste- 
rior plate  as  wide  as  septum  (Figs.  43, 
48 ) 3 1 

Epigynum  with  septum  round,  appear- 
ing swollen  (Fig.  42);  Timor  (Map  2) 
buehleri 

Epigynum  flattened  posteroventrallv 
(Figs.  47,  56)  ' 32 

Sternum  yellowish  with  gray  around 
edge  (Fig.  53);  rims  of  epigvnum  lat- 
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Map  4.  Distribution  of  Argiope  bullocki.  A.  doboensis.  A.  ocyaloides,  A.  dietrichae,  A.  possoica.  A.  chloreis.  A.  thai.  A.  perfor- 
ata. A.  halmaherensis.  A.  mascordi,  A.  takum.  A.  anasuja.  A.  niasensis.  A.  caledonia.  A.  keyserlingi.  A.  katherina.  A.  kochi.  and 
A.  minuta. 


Western  Pacmi'ic  Ah(.i()P1nae  •  Levi        26' 


Map  5.     Distribution  of  Argiope  taprobanica.  A.  modesta.  A.  mtricata.  A.  luzona.  A.  pulchella.  A.  versicolor.  A.  appensa.  A. 
aetherea.  A.  picta.  A.  brunnescentia.  A.  bougamvilla.  A.  pentagona.  A.  ponape.  A.  radon,  and  A.  truk. 
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erally  wide  (Fig.  47);  Malay  Penin- 
sula, Borneo,  Indonesia,  New  Guinea 
(Map  2)  reinwardti 

-  Sternum  black  with  median  light  lon- 

gitudinal band  (Fig.  60);  rims  of  epig- 
ynum  narrowing  laterally  (Fig.  56); 
northeastern  India,  Burma  (Map  2)  .... 

caesarea 

33(29).  Underside  of  abdomen  with  two  longi- 
tudinal bands  as  wide  as  intermediate 
area  (Fig.  204);  northern  Queensland 
(Map  4)  kochi 

-  Underside  of  abdomen  w  ith  two  narrow 

longitudinal  lines  34 

34(33).    Epig>  nal  rim  much  thicker  than  septum 

width  (Fig.  157);  Celebes  (Map  4) 

possoica 

-  Epigynal  rim  as  thick  as  septimi  width 

or  narrower  (Figs.  167,  194,  205)  35 

35(34).  Rims  of  epigynum  with  transverse 
flange,  posterior  edge  flange  straight, 
at  right  angles  to  a.xis  of  septum  (in 
ventral  view)  (Figs.  167,  205)  36 

-  Rims,    flange   if   present,    and   epigynal 

depression  otherwise  (Fig.  194)  37 

36(35).  Flanges  of  rim  with  a  tooth  on  each  side 
(Fig.  167);  Pakistan,  India,  Cocos 
Keeling  Islands  (Map  4)  anasuja 

-  Flanges  enclosing  posterior  plate  later- 

ally (Fig.  205);  Japan,  China  (Map  4) 
m\n It ta 

37(35).  Epigynum  in  posterior  view  with  cir- 
cular opening  in  depression  (Figs.  195, 

218);  Australia,  New  Caledonia  38 

Epigynum  otherwise  39 

38(37).  Epigynum  in  ventral  view  with  a  lobe 
on  each  side  of  posterior  plate  (Fig. 
194);  epigynum  rectangular  in  outline 
in  posterior  view  (Fig.  195);  east  coast 
of  Australia  (Map  4) keyserlingi 

-  Epigynum  without  lobes  on  each  side  of 

opening  (Figs.  217,  218);  epig\  num 
roimded  in  outline  in  posterior  view 
(Fig.  218);  New  Caledonia  (Map  4)  ... 

ca  Icdo  n  ia 

39(37).  Anterior  bulge  of  epigynum  very  large, 
almost  hiding  posteriorly-  or  laterally- 
facing  depressions  (Figs.  238,  251, 
254);  Asia,  Borneo,  Indonesia  40 

-  Anterior  bulge  of  usual  size  (Figs.  227, 

233);  Philippines,  Moluccas  to  Austra- 
lia   41 

40(39).  Anterior  bulge  rectangular  to  oval,  wid- 
er than  long;  depressions  facing  pos- 
teriorly (Figs.  251,  253,  254,  256); 
depressions  containing  large  piece  of 
palpal  embolus  (Figs.  261,  262);  Bor- 
neo, Malay  Peninsula  to  Java  (Map  5) 
versicolor 

-  Anterior  bulge  subcircular,  depressions 

facing  posterolaterally  (Figs.  238,  240, 


241,  243);  depressions  containing  small 
tip  of  embolus  (Fig.  250);  India,  Ma- 
lay Peninsula  to  Java  (Map  5)  .  pulchella 
41(39).  Epigynum  with  narrow  septum  widen- 
ing abruptly  into  posterior  plate  (Fig. 
228);  in  posterior  view  depression 
framed  by  set-off  rim  (Fig.  228); 
northern  Philippines  (Map  5) luzona 

-  Epigynum  with  septum  gradually  wid- 

ening into  posterior  plate  (Figs.  233, 
297);  in  posterior  view  depression  not 
framed  h\  distinct  rim  (Figs.  234,  298) 

' 42 

42(41).  Epigynum  with  posterior  plate  slightly 
lobed,  its  width  more  than  one  third 
that  of  epig>num  (Fig.  234);  lips  of 
depression  curved  (Fig.  233);  sternum 
maculated  (Fig.  237);  southern  Phil- 
ippines (Map  5)  intricata 

-  Epigynum    with    posterior   plate   edges 

straight  and  its  width  narrower  (Fig. 
298);  lips  of  opening  within  depres- 
sion straight;  sternum  usually  bright 
yellow  (Fig.  304);  Ambon,  New- 
Guinea,  Solomon  Islands.  New  Heb- 
rides, northern  Australia  (Map  5)  

aetherea 

43(6).  Epigynum  a  median  posterior  lobe  con- 
taining depressions  which  face  dorsal- 
K  (Figs.  98-101);  Australia,  New  Zea- 
land (Map  3)  protensa 

-  Epigynum  with  depressions  facing  ven- 

trally  (Fig.  107);  New  Guinea,  north- 
eastern Australia  44 

44(43).  Anterior  of  abdomen  rounded  (Fig.  109), 
light  colored  w  ith  a  median  dorsal  ab- 
dominal dark  mark  (Fig.  109);  north- 
eastern Australia  (Map  3)  probata 

Anterior  of  abdomen  lobed  or  pointed 
on  each  side;  dark  colored  w  ith  paired 
longitudinal  marks  or  folium  (Figs. 
1 27,  133 ) 45 

45(44).  Abdomen  lobed  anteriorly  (Fig.  127); 
epigynal  rim  and  septum  forming  T 
(Fig.  124);  Australia  (Map  4)  ocyaloides 
Abdomen  with  anterior  points  (Fig.  133); 
epigynal  septum  and  posterior  plate 
forming  an  upside-down  T  (Fig.  130); 
New  Guinea  (Map  4) doboensis 

46(7).  Abdomen  with  shallow  lobes  all  around, 
pentagonal  in  outline  (Figs.  269,  270); 
epig\num  ventralK  drawn  out  (Figs. 
265,  268);  Borneo  to  northwestern 
Australia  (Map  5)  niodcsta 

-  Abdomen    only    slightK     lobed    behind 

with  characteristic  reticulate  pattern 
more  distinct  aroimd  edge  (Figs.  274- 
276);  epigynimi  not  ventrally  drawn 
out  (Fig.  273);  Hawaii,  southern  Ja- 
pan, Taiwan  to  Java,  New  Guinea, 
Solomon  Islands  (Map  5)  appensa 
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47(10).  Epig>nal  septum  hridgiiiii  rim  in  part 
(Fig.    112);    Kauai    IslaiKl    ol    Hawaii 

(Map  3)  trifasciata 

Epig\num  otherwise  (Fig.  286)  48 

48(47).  Abdomen  without  humps,  widest  ante- 
riorl)'  (Fig.  289);  Solomon  Islands  (Map 
5)  bougainvilla 

-  Abdomen  with  humps,  widest  in  poste- 

rior (Fig.  155);  Thailand  (Map  4) tJiai 

49(11).  Abdomen  pentagonal  in  outline  (Fig. 
295);  ventral  white  area  wider  than 
long,  with  eight  arms  (Fig.  296);  Fiji 

(Map  5)  pentagona 

Abdomen  shield-shaped  (Figs.  146,  150); 
ventral  white  area  longer  than  wide 
(Figs.     147,    149);    Sumatra    to    New 

Guinea  (Map  4)  chloreis 

50(16).  Epigynal  depression  laterally  surround- 
ed by  rim;  septum  flaring  into  depres- 
sion (Fig.  120);  New  South  Wales  (Map 
4 )  bit  llocki 

-  Epig>  nal   depression    not   lateral)}    sur- 

rounded b)  rim;  or,  if  surrounded, 
septum  a  discrete  structure  (Fig.  136) 
51 

51(50).  Posterior  plate  of  epigynum  only  slight- 
ly wider  than  septum;  in  posterior  view 
circular   openings   visible   (Fig.    189); 

Queensland  (Map  4) mascordi 

Posterior  plate  of  epigynum  much  w  id- 
er  than  septum  (Figs.  137,  212)  52 

52(51).  In  posterior  view  rim  surrounds  depres- 
sions and  circular  openings  are  visible 
(Fig.  212);  Northern  Territory  (Map 
4)  katherina 

-  Openings  on  each  side  under  a  curved 

slit  within  the  depression  (Fig.  136); 
Western  Australia,  Northern  Territo- 

r\  (Map  4) dictrichae 

53(17).  Elongate  abdomen  silvery  with  only 
faint  longitudinal  dorsal  marks  (Fig. 
102);  epigynum  a  posterior  lobe  con- 
taining depressions  that  face  dorsally 
(Figs.  98-101);  New  Zealand,  Austra- 
lia (Map  3)  protensa 

-  Abdomen  various  shapes  (Figs.  303,  320), 

usually  darker  around  dorsal  edge 
(Figs.  303,  327);  epigynal  depressions 

facing  ventrally  (Figs'.  297,  317)  54 

54(53).  Abdomen  pentagonal,  bulging,  with  only 
\^-shaped  marks  around  margin  (Fig. 
282);  New  Guinea,  Bismarck  Archi- 
pelago (Map  5)  brunnescentia 

-  Abdomen  otherwise 55 

55(54).    Abdomen     elongate,     shield-shaped, 

slightly  constricted  behind  humps  (Fig. 
320);  Northern  Territory  (Map  5)  ..  radon 

Abdomen  pentagonal  or  oval 56 

56(55).  Abdomen  pentagonal,  usually  posterior 
tip  black  (Fig.  303);  Moluccas  to  New 


Hcliridcs,  northern  .Xustralia  (Map  5) 

acthcrea 

Abdomen  oval  (Fig.  327);  Caroline  Is- 
lands (Map  5) truk 

Key  to  western  Pac;ifk:  area  male  Argiofe 

The  males  of  a  number  of  species  are  iniknow  n: 
Imehlcri.  biillocki,  calcdonia,  caesarea,  chloreis,  die- 
trichae.  halinalierensis,  intricata.  macrochoera,  ma- 
nila,  modesia,  niascnsis,  pentagona.  perforata,  pan- 
ape,  possoica,  takun},  taprobanica.  thai,  and  truk. 

There  is  some  doubt  as  to  w  hether  the  following 
have  been  correctly  matched:  brunnescentia,  kochi, 
and  n}ascordi. 


1.  A    distal    kink    on    the    embolus     outer 

("upper")  surface  (Fig.  13)  19 

-  Upper  surface  of  embolus  without  kink, 

at  most  slightly  twisted  (Figs.  35,  41, 

80) 2 

2(1).  In  mesal  view  the  tegulum  surroimds 
short  embolus  and  conductor  (Figs.  35, 
41,  54,  199)  24 

-  Embolus  and  conductor  extend  beyond 

tegulum  (Figs.  66,  80,  106)  ' 3 

3(2).  Embolus  forms  a  circle  on  ventral  sur- 
face as  in  Figure  119;  widespread 
(Map  3) trifasciata 

-  Embolus  not  a  coil  on  ventral  surface 

(Figs.  72,  111) 4 

4(3).        Embolus  coiled  back  on  itself  (Figs.  Ill, 

129);  Australia  27 

Embolus  straight,  curved,  or  coiled,  not 

doubled  up  on  itself  (Figs.  54,  72)  5 

5(4).        Embolus  curved  with  a  slight  twist  in 

middle  as  in  Figures  248,  259  6 

Embolus  otherwise  (Figs.  106,  232) 7 

6(5).        Pendant  longer  than  embolus  tip  (Fig. 

248);  India  to  Java  (Map  5)  pulcheUa 

-  Pendant  shorter  than  embolus  tip  (Fig. 

259);  Malay  Peninsula  to  Java,  Borneo 
(Map  5) versicolor 

7(5).  Embolus  very  long  and  conductor  hang- 
ing "down"  (Fig.  106);  Australia,  New 

Zealand  (Map  3)  protensa 

Embolus  of  usual  length  and  conductor 
directed  straight  out  at  45°  angle  from 
axis  of  palpus  (Figs.  97,  232) 8 

8(7).  Embolus  arched,  its  tip  held  by  a  bowl- 
shaped  conductor  as  in   Figure  232; 

northern  Philippines  (Map  5)  luzona 

Embolus  and  conductor  otherwise  (Figs. 
97,  210,  216) 9 

9(8).  Embolus  with  a  terminal  twist,  its  tip 
hidden  by  conductor   in   mesal  view 

(Figs.  210,  216)  28 

Embolus  without  distal  twist  (Fig.  97) 10 

10(9).      Two  barbs  on  base  of  embolus  (Fig.  97); 

widespread  (Map  3)  lobata 

-  Embolus  without  barbs  (Fig.  18) 11 
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11(10).  Embolus  with  a  blunt  spur  on  "upper" 
side;  median  apophysis  with  thorn- 
shaped  spur  (Fig.  18);  Japan,  China 
(Map  2)  ociila 

-  Embolus  without  spur  (Fig.  54);  median 

apophysis  spur  filamentous  12 

12(11).  Embolus  with  a  much  wider,  set-off  base 
(Figs.  54,  55);  Malay  Peninsula,  Bor- 
neo, Indonesia  to  New  Guinea  (Map  2) 

reinwardti 

Embolus  evenly  tapered  (Figs.  66,  72) 13 

13(12).  Base  of  embolus  near  edge  of  tegulum 
(Figs.  66,  193);  embolus  length  about 
equal  that  of  previous  sclerite  (Figs. 
66,  1 93 )  1 4 

-  Base  of  embolus  closer  to  edge  of  cym- 

bium  (Figs.   72,   86);  embolus  length 

much  longer  than  previous  sclerite  15 

14(13).  Pro.ximal  embolus  sclerite  butting  against 
previous  sclerite  (Fig.  193);  Queens- 
land (Map  4)  (?)  kochi  or  mascordi 

-  Proximal  embolus  sclerite  overlapped  b\ 

previous  sclerite  (in   part   hidden  by 
edge  of  cymbium)   (Fig.   66);  Japan, 

China  (Map  3)  boesenbergi 

15(13).  Base  of  embolus  flaring,  overhanging 
proximal  sclerite;  spur  originating 
from  inner  corner  of  bend  of  median 
apophysis  (Fig.  72);  Japan,  China  (Map 
3)  _ amoena 

-  Base  of  embolus  butting  against  proxi- 

mal  sclerite   without   overhang;   spur 
originating  on  face  of  median  apoph 
ysis  or  near  tip  (Figs.  86,  135) 
16(15).    Embolus  evenK  arched  as  in  Figure  135; 
spur  near  tip  of  median  apophysis  (Fig. 
135);  New  Guinea  (Map  4)  doboensis 

-  Embolus  only  gently  curved  or  onlv  dis- 

tal portion  bent;  spur  originating  from 
face  of  median  apophvsis  near  bend 

(Fig.  86)  ' 17 

17(16).  Median  apophysis  spur  much  longer  than 
two  diameters  of  median  apophysis 
(Fig.  86);  Eurasia  (Map  3) bruennichi 

-  Median  apophvsis  spur  shorter  (Figs.  80, 

172)  ' 18 

18(17).    Embolus  distally  strongly  curved  (Fig. 


172);   Pakistan.   India,  Cocos  Keeling 

Islands  (Map  4)  anasuja 

Embolus  with  onl\  slight  bend  (Fig.  80); 

New  Guinea,  Australia  (Map  3)  

magnifica 

19(1).  Median  apophysis  spur  on  lower  edge  of 
very  tiji  (F"ig.  315);  Moluccas,  New 
Guinea,  northern  Australia  to  Santa 
Cruz  Islands  (Map  5) picta 

-  Spur  attached  to  "upper"  surface  near 

bend  (Figs.  277,  291,  308) 20 

20(19).  Median  apopliysis  sjiur  on  upi:)er  surface 
near  distal  end  (in  mesal  view)  (Fig. 


308);   Moluccas  to  New   Hebrides, 

northern  Australia  (Map  5)  aeiherea 

Median  apophysis  attached  to  outer  sur- 
face or  near  bend  (Figs.  277,  284)  21 

21(20).  Median  apophysis  spur  attached  on  out- 
er surface  near  tip  (Figs.  277,  291)  22 

Median  apophysis  spur  attached  on  out- 
er surface  near  bend  (Figs.  284,  322) 
23 

22(21 ).  Upper  surface  of  embolus  with  two  crests 
near  tip  (Fig.  277);  Hawaii,  southern 
Japan,  Taiwan  to  Java,  New  Guinea, 
Solomon  Islands  (Map  5)  appensa 

-  Upper  surface  without  such  crests  (Fig. 
291);  Solomon  Islands  (Map  5) 
bougainvilla 

23(22).    Pendant  overlapping  embolus  tip  (Fig. 

322);  Northern  Territory  (Map  5)  .  radon 

-  Pendant  separated  from  embolus  tip 
(Fig.  284);  New  Guinea,  Bismarck  Ar- 
chipelago (Map  5)  brunnescentia 

24(2).  Embolus  a  heavily  sclerotized  prong  as 
in  Figures  54,  55;  Malay  Peninsula, 
Borneo,    Indonesia    to    New    Guinea 

(Map  2)  reinwardti 

Embolus  a  different  structure  (Figs.  35, 
41,  199)  25 

25(24).  Embolus  a  large  curved  structure  with 
a  truncate  branch  on  its  lower  side 
from  base  and  a  notch  near  tip  as  in 
Figure  199;  eastern  coast  of  Australia 

(Map  4)  keyserlingi 

Embolus  otherwise  (Figs.  35,  41) 26 

16  26(25).  Conductor  fan-shaped;  a  sclerotized 
truncate  tip  on  upper  branch  of  com- 
plex conductor  (Fig.  41);  China,  India 
to  New  Guinea  (Map  2)  catenulata 

-  Conductor  a  heavily  sclerotized  lobe; 
embolus  sclerotized,  with  a  seam  across 
its  middle  and  a  curved  tip  as  in  Fig- 
ure 35;  widespread,  Asia  to  New  Heb- 
rides (Map  2)  aemula 

27(4).  Embolus  with  pendant;  one  branch  of 
median  apophysis  long;  spur  attached 
on  upper  surface  (Fig.  Ill);  Queens- 
land (Map  3)  probata 

Embolus  without  pendant;  two  branches 
of  median  apophysis  of  equal  length 
and  diverging;  spur  attached  to  lower 
surface  (Fig.  129);  Queensland  (Map 
4)  ocyaloides 

28(9).  Embolus  heavy  and  with  a  base;  inner 
branch  of  median  apophysis  hidden 
b>  outer  one  (P^ig.  216);  Queensland 
(Map  4)  kathcrina 

-  Embolus  slender  without  a  base;  inner 
branch  of  median  apophysis  hanging 
"down"  (Fig.  210);  Japan,  China  (Map 
4)  niin u ta 
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Figures  14-18.     Argiope  ocula  Fox.  14-17.  Female.  14.  Epigynum,  ventral.  15.  Epigynum,  posterior.  16.  Carapace  and  abdo- 
men. 17.  Sternum  and  abdomen.  18.  Left  male  palpus,  mesal. 

Figures  19-23.     Argiope  macrochoera  Thorell,  female.  19.  Epigynum,  ventral.  20.  Epigynum,  posterior.  21.  Epigynum,  lateral. 
22.  Carapace  and  abdomen.  23.  Sternum  and  abdomen. 

Figures  24-28.     Argiope  manila  n.  sp.,  female.  24.  Epigynum,  ventral.  25.  Epigynum,  posterior.  26.  Epigynum,  lateral.  27. 
Carapace  and  abdomen.  28.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  16,  17,  22,  23,  27,  28,  1.0  mm. 
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Argiope  ocula  Fox 
Figures  14-18;  Map  2 

Argiope  ocula  Fox,  1938:  ■364.  fig.  6.  9.  Female  ho- 
lotype  from  Shin-Kai-Si,  Mount  Omi  [O-Mei  San] 
(1200-1500  m),  Szechwan,  China  in  the  U.S.  Na- 
tional Museimi,  examined. 

Argiope  ohsuniiensis  Yaginuma,  1967:  50,  figs.  1-9, 
9,  3.  Female  holotype  from  Kurio,  Yaku  Island 
[Yaku  Shima],  Japan,  1  Aug.  1961  in  the  collection 
of  the  Arachnological  Society  of  East  Asia,  exam- 
ined. 1971:  128,  fig.  107:  12-17,  9$.  NEW  SYN- 
ONYMY. 


Notes.  Superficially  this  species  does  not 
appear  to  resemble  an  Argiope.  But  the 
posterior  eye  row  is  slightl)  procurved  and 
the  posterior  lateral  eyes  have  a  narrow 
tapetum,  as  do  Argiope  (but  not  Araneus). 
The  carapace  shape  is  Argiope-like  with 
a  narrow  head  and  a  pair  of  comma- 
shaped  marks  behind  the  thoracic  depres- 
sions, as  found  in  other  Argiope  species 
(Fig.  16). 

The  male  has  none  of  the  coxae  modi- 
fied, nor  do  the  legs  have  heavier  macro- 
setae  than  the  female's.  There  is  a  broad, 
indistinct  tooth  lateral  on  the  endites,  but 
none  facing  it  on  the  palpal  femur.  The 
embolus  is  thorn-shaped  with  a  broad  base, 
its  pointed  tip  hidden  by  the  conductor 
(Fig.  18).  The  tip  breaks  off  when  mating 
as  in  other  species  and  is  found  stuck  in 
the  depression  of  the  epigynum.  The  male 
from  Taiwan  has  both  emboli  missing;  it 
survived  mating. 

Diagnosis.  This  is  the  only  Argiope  w  ith 
a  distinct  Araneus-Mke  scape  in  the  epig- 
ynum (Fig.  14).  The  shape  and  markings 
of  the  thick  abdomen,  with  anterior  dorsal 
humps  and  pointed  posterior  (Fig.  16),  are 
diagnostic.  The  axis  of  the  male's  median 
apophysis  is  at  an  obtuse  angle  to  that  of 
the  conductor,  and  its  spur  is  thorn-shaped 
(Fig.  18). 

Variation.  Females  differ  in  the  shape 
of  the  opening  in  the  depression.  The  Tai- 
wan specimens  are  more  like  the  t\  pe  of 
A.  ocula  than  the  specimens  from  Japan 
illustrated  (Figs.  14,  15). 

Records.  JAPAN:  Nakatane-ono,  Tane 


Isl.,  22  July  1963,  6  (H.  Ohe,  ASEA);  Ka- 
goshima,  Tanegashima  Isl.,  22  Julv  1965, 
9  (H.  Ohe,  ASEA);  23  Julv  1971,  $'(T.  Ya- 
ginuma, ASEA).  TAIWAN:  Tai  Pei 
County.  Wulai,  6  July  1977,  25  (H.  Yosh- 
ida,  YC);  Yangmingshan,  2  Aug.  1977,  $ 
(H.  Yoshida,  YC). 

Argiope  macrochoera  Thorell 
Figures  19-23;  Map  2 

Argiope  macrochoera  Thorell,  1891:  50.  Two  fe- 
males, two  juvenile  syntypes  from  Nicobar  Islands 
[Bengal  Ba\ ,  Indian  Ocean],  in  the  Zoologisk  Mu- 
seum, Copenhagen,  examined.  Roewer,  1942;  738. 
Bonnet,  1955:  691. 

Diagnosis.  Like  A.  manila,  the  rim  and 
septum  are  formed  into  a  scape-like  struc- 
ture constricted  anteriorly  (Fig.  19).  Ar- 
giope niacrochoera  differs  b\-  having  the 
abdomen  banded,  and,  in  posterior  view, 
the  posterior  plate  of  the  epigynum  is 
wider  than  long  and  appears  to  have  three 
branches  (Fig.  20),  the  middle  one  being 
the  septum. 

Argiope  manila  new  species 
Figures  24-28;  Map  2 

Holotype.  Female  and  four  female  parat\  pes  from 
Luzon,  Philippines,  most  legs  broken.  Holot\  pe  and 
three  paratypes  in  the  Senckenberg  Museum, 
Frankfurt,  and  one  in  the  Museum  of  Comparative 
Zoology.  The  specific  name  is  a  noun  in  apposition 
after  the  t\  pe  localit\  . 

Description.  Carapace  yellow -white 
with  indistinct  darker  marks.  Sternum 
with  bright  yellow-white  branched  mark 
surrounded  by  black  (Fig.  28).  Legs 
brown,  not  banded.  Dorsum  of  abdomen 
w  ith  light  patches  on  black  (Fig.  27).  Ven- 
ter marked  as  usual  (Fig.  28).  Anterior  lat- 
eral eyes  0.5  diameter  of  others,  which 
are  subequal.  Anterior  median  eyes  0.8  di- 
ameter apart,  1.2  from  laterals.  Posterior 
median  eyes  slightly  more  than  their  di- 
ameter apart,  1.8  from  laterals.  The  ab- 
domen is  pentagonal.  Total  length,  11.5 
mm.  Carapace,  4.7  mm  long,  4.2  mm 
wide.  First  femur,  8.2  mm;  patella  and 
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tibia,  8.6  mm;  metatarsus,  8.6  mm;  tarsus, 
2.0  mm.  Second  patella  and  tibia,  8.6  mm; 
third,  4.5  mm;  fourth,  7.2  mm. 

Diagnosis.  This  species  differs  from  all 
others  b\  the  distinct  abdominal  markings 
(Fig.  27)  and  by  the  unusual  shape  of  the 
epigynum:  the  rim  and  the  septum  form 
a  scape-like  structure,  constricted  ante- 
riorly (Fig.  24).  The  lateral  margins  of  the 
depressions  are  rounded,  dark  on  the  out- 
side (Fig.  24),  and  the  posterior  plate  is 
like  that  of  Argiope  aemula. 

Argiope  aemula  (Walckenaer) 
Figures  29-35;  Map  2 

Epeira  aemula  Walckenaer,  1841:  118.  Specimens 
from  Celebes,  lost. 

Epeira  striata  Doleschall,  18.57:  41.5.  Name  given  to 
illustration  of  specimens  from  Java.  Two  original 
specimens  here  labeled  s\nt\pes  in  the  Rijksmu- 
seum  \an  Xatuurlijke  Historic,  Leiden,  examined. 

Argiope  aemula — Thorell,  1877:  364.  Roewer,  1942: 
739  (in  part).  Bonnet,  1955:  670  (in  part).  Song, 
1980:  100,  fig.  46,  2. 

Argiope  aemula  nigripes  Thorell,  1877:  364.  Female 
holotype  from  Kondari  [Kendari],  Celebes  in  the 
Museo  Civico  di  Storia  Naturale,  Genova,  exam- 
ined. 

Argiope  trivittata  Karsch.  1891:  280,  pi.  10,  fig.  6,  9. 
Female  holotype  from  Ce\  ion  [Sri  Lanka]  in  the 
Zoologisches  Museum.  Humboldt  Universitat,  Ber- 
lin, examined. 

Metargiope  ornatus  var.  lineatus  Marapao,  1965:  46, 
pi.  2,  9.  Female  holotype  from  Tipolo,  Mandawe. 
Cebu.  Philippines  in  the  Univ.  San  Carlos,  Cebu 
City,  not  available.  NEW  SYNONYMY. 

Argiope  sp.  "Wau  no.  5"  M.  H.  Robinson  and  B. 
Robinson,  1980:  10,  50,  82-85,  89,  192,  figs.  37- 
38,  9,  S  (photo). 

Argiope  sp.  "Singapore  no.  1"  M.  H.  Robinson  and 
B.  Robinson,  1980:  10,  50,  88-91,  192.  fig.  42,  S 
(photo). 

Note.  Several  specimens  of  this  species 
from  Celebes,  the  type  locality,  were  ex- 
amined. Chrysanthus  (1971),  B.  Robinson 
and  M.  H.  Robinson  (1974),  M.  H.  Rob- 
inson, Y.  D.  Lubin,  and  B.  Robinson 
(1974),  and  M.  H.  Robinson  and  B.  Rob- 
inson (1980)  misidentified  A.  aemula. 
Their  specimens  were  A.  magnifica  L. 
Koch,  a  superficially  similar  species.  Fig- 
ures 29,   30,   32-34  were   made  from   a 


specimen  from  Bulolo,  Papua  New 
Guinea,  Figure  31  from  Bombay,  India, 
and  Figure  35  from  Malaysia.  Specimens 
from  Bombay,  India  have  the  lateral  mar- 
gins of  the  depressions  of  the  epigynum 
swollen  posteriorly  (Fig.  31). 

Diagnosis.  This  is  one  of  the  largest 
species  of  Argiope,  females  often  more 
than  20  mm  total  length.  The  oval  abdo- 
men is  slightly  truncate  anteriorly,  with 
indistinct  shoulder  humps  and  is  dorsally 
marked  with  transverse  lines  (Fig.  33).  The 
epigynum  differs  from  that  of  A.  magni- 
fica, a  similar  species,  by  having  a  poste- 
rior median  swelling  on  the  posterior  plate 
(Figs.  30,  31),  also  visible  in  ventral  view. 
The  lateral  borders  of  the  depression  are 
smooth,  rounded  and  seemingly  polished, 
the  outside  edge  black  (Figs.  29,  32).  In 
posterior  view  the  lateral  borders  end  in 
large  lobes  (Figs.  30,  31).  The  epigynum 
is  similar  to  that  of  A.  catenulata,  which 
is  a  smaller  species  and  has  very  different 
markings  on  the  abdomen:  dorsally  a  lon- 
gitudinal band  of  white  setae,  and  on  the 
venter  a  transverse  white  mark  connect- 
ing the  longitudinal  white  lines. 

The  male  palpus  in  mesal  view  has  a 
short  embolus  and  conductor,  and  a  com- 
plex median  apophysis  surrounded  by  a 
large  tegulum  (unlike  most  Argiope 
males).  The  embolus  has  a  seam  where  it 
perhaps  breaks  off  in  mating;  the  tip  is  a 
sclerotized  hook  held  by  a  short,  straight 
conductor  (Fig.  35). 

Natural  History.  Specimens  were  found 
in  cow  pastures  and  on  roadside  vegeta- 
tion near  Binatang  Creek  in  the  Wau  Val- 
ley, Papua  New  Guinea,  among  popula- 
tions of  A.  magnifica.  The  web  has  a 
cruciform  stabilimentum.  Courtship  and 
mating  are  reported  in  M.  H.  Robinson 
and  B.  Robinson,  1980.  Of  interest  are  the 
behavioral  differences  reported  by  Rob- 
inson and  Robinson  between  the  popula- 
tions from  Singapore  and  those  from  New 
Guinea  ("Wau  no.  5"  and  "Singapore  no. 

1"). 

Distribution.  Japan,  India  to  Indonesia 
and  New  Hebrides  (Map  2). 
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Records.  JAPAN:  Nansei  Islands.  Oki- 
nawa (manv  records,  MCZ,  AMNH);  "Ja- 
pan," (NMW).  TAIWAN:  Tai  Pei 
(AMNH);  Takao  (NMW).  CHINA:  (Song, 
1980);  Fumni  [?  Funing]  (ZMB);  Canton 
(SMF).  HONG  KONG:  (NMW,  SMF). 
THAILAND:  Doi  Inthanon  Natl.  Park, 
Chieng  Mai  Prov.,  14  Oct.  1981  (ZMK). 
SINGAPORE:  (MCZ,  BMNH).  MALAY- 
SIA: Malay  Peninsula.  Jokor  Layang- 
Lavang,  jungle  remnant  (MC);  Fraser's 
Hiil,  1300  m  (CAS);  Bukit  Tima  (MCZ); 
Pahang  (ZRC).  Sarawak.  Gunong  Mulu 
Natl.  Park,  in  grass  on  bank  of  Melinau 
River  (BMNH).  Sabah.  Ulu  Dusun,  nr. 
Sandakan  (MC);  Manutek  Isl.,  Kota  Kin- 
abalu,  in  grass  (MC);  Kudat  (ZRC);  Bundu 
Tuan  (ZRC).  BURMA:  Mulmein  (NMW). 
INDIA:  Punjab.  Amballa  [Umballa] 
(MCZ).  Assam.  Chabua  (AMNH).  Mad- 
ras. Vellore  (ZMK).  Maharashtra.  Bom- 
bay (SMF).  PHILIPPINES:  Calicoan  and 
Lebanon  Isls.  (AMNH);  Santa  Clara,  above 
Gingo-og  (EMC);  Samar  Isl.  (AMNH). 
Luzon.  Quezon  City  (AMNH);  Subic 
(CAS);  Alabang,  Rizal  Prov.  (AMNH, 
ZMB);  Manila  (MNHN,  IRSN,  ZMB). 
Mindanao.  Davao  Prov.  (MCZ);  Butuan 
(MCZ).  INDONESIA:  Sumatra.  E  of 
Langkai  Isl.  (MCZ);  between  Taroengen 
[Tarutung]  and  Bircuen  (MCZ);  Nias  Isl 
(ZMK,  BMNH);  Pulau  Weh  Isl.  (BMNH) 
Fort  de  Kock  [Bukittinggi],  920  m  (SMF) 
Bungar-Bondar  [West  Sumatra]  (SMF) 
West  Sumatra  (BMNH);  Medan  (NMW) 
Java.  Batavia  [Djakarta]  (MCZ);  Buiten- 
zorg  [Bogor]  (MCZ);  Bantar  Gebang 
(MCZ);  Tjibodas  [Cibodas]  (NMW);  Teng- 
ger  Mts.  (ZMB).  Southeast  Borneo  [Kali- 
mantan]. Tandjong  (ZMH);  Pagat  [Paga- 
tan]  (ZMB).  Moluccas.  Celebes:  Toli-Toli 
(MCZ);  Kendari  (MCSN).  Halmahera: 
Morotai  (AMNH).  Ceram:  Amboina  [Am- 
bon] (BMNH).  WEST  IRIAN:  [Djaya 
Pura].  Manapi,  Cape  Vogel  Renins. 
(AMNH).  PAPUA  NEW  GUINEA: 
Northern  Distr.  Oro  Bav,  1945,  9  (S. 
Sandler,  AMNH).  Milne  Bay  Distr.  Good- 
enough  Isl.,  1943,  9  (W.B.  Jones,  AMNH). 
Morobe  Distr.  Bulolo,  17  March  1979,  9 


(M.  Robinson,  H.  Levi,  et  ai,  MCZ);  Oom- 
sis,  April  1959,  9  (J.  Gunn,  AMNH).  NEW 
HEBRIDES:  Aore  Isl.,  April  1944,  9  (W.L. 
Nutting,  MCZ). 

Argiope  catenulata  (Doleschall) 
Figures  36-41 ;  Map  2 

Epeira  catenulata  Doleschall,  LSSQ:  30,  pi.  9,  fig.  1, 
9.  Name  given  to  illustration  of  specimens  from 
Java  in  the  Rijksmuseum  van  Natuurlijke  Historic, 
Leiden,  which  were  examined. 

Argiope  opulenta  Thorell,  1859:  299.  Female  from 
Java  in  the  Natiirhistoriska  Riksmuseet,  Stock- 
holm, not  examined. 

Epeira  (Argiope)  stellata  Stoliczka,  1869:  234,  pi.  28, 
fig.  6,  2.  Female  from  Sundarbans,  south  of  Port 
Canning,  India,  not  examined. 

Argiope  pelewensis  Keyserling,  1886:  136,  pi.  11,  fig. 
2,  9.  Female  holotvpe  from  Pelew  Inseln  [Palau, 
Caroline  Islands]  in  the  Zoologisches  Museum, 
L'niversitat  Hamburg,  examined. 

Argiope  catenulata: — Roewer,  1942:  741.  Bonnet, 
1955:  683.  ChrNsanthus,  1958:  240,  figs.  13-18,  22, 
9,  $.  Song,  1980:  101. 

Metargiope  ornatus  var.  turricula  Marapao,  1965: 
47,  pi.  3,  9,  S.  Female  holotvpe  from  Cebu  City, 
Philippines  on  tall  grasses  on  vacant  lot  in  the  San 
Carlos  Univ.,  Cebu  Citv,  unavailable.  NEW  SYN- 
ONYMY. 

Note.  Stoliczka's  illustration  shows  the 
diagnostic  coloration.  Simon  synonymized 
Pronous  chelifer  Hasselt  (1882)  with  this 
species;  this  is  an  error;  it  is  Gea  spinipes. 
The  illustrations  (Eigs.  36-40)  of  the  fe- 
male were  made  from  a  Philippine  spec- 
imen, that  of  the  male  palp  (Fig.  41)  the 
mirror  image  of  a  right  palpus  of  a  spec- 
imen from  Sumatra.  Because  of  the  setal 
covering  of  the  abdomen,  I  e.xpect  living 
specimens  to  have  a  slightly  different  pat- 
tern from  that  of  the  one  illustrated. 

Diagnosis.  Unlike  other  species,  the  ab- 
domen is  oval,  widest  in  the  posterior  half, 
with  a  unique  black  and  white  dorsal  pat- 
tern. The  midline  is  covered  in  a  longi- 
tudinal band  of  white  setae  (Eig.  39,  in 
alcohol).  The  venter  has  a  diagnostic 
transverse  white  band  (Eig.  40).  The  epig- 
ynum  is  much  like  that  of  A.  aemtda,  with 
a  wide  septimi,  the  lateral  border  of  the 
depression  curved  and  dark  along  the  out- 
er edge  (Eigs.  36,  37). 
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Figures  29-35.  Argiope  aemula  (Walckenaer).  29-34.  Female.  29.  Epigynum,  ventral.  30,  31 .  Epigynum,  posterior.  29,  30,  32. 
(Papua  New  Guinea).  31.  (India).  32.  Epigynum,  lateral.  33.  Carapace  and  abdomen.  34.  Sternum  and  abdomen.  35.  Left  male 
palpus,  mesal. 

Figures  36-41.  Argiope  catenulata  (Doleschall).  36.  Epigynum,  ventral.  37.  Epigynum,  posterior.  38,  Epigynum,  lateral.  39. 
Carapace  and  abdomen.  40.  Sternum  and  abdomen.  41.  Left  male  palpus,  mesal. 

Figures  42-46.  Argiope  buehleri  Schenkel,  female.  42.  Epigynum,  ventral.  43,  Epigynum,  posterior.  44.  Epigynum,  lateral.  45. 
Carapace  and  abdomen.  46.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  33,  34,  39,  40,  45,  46,  1.0  mm. 
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The  male  has  an  evenly  curved  embolus 
containing  a  fine  duct  held  by  the  con- 
ductor and  partly  hidden  by  an  elaborate 
stipes  (Fig.  41),  quite  distinct  from  that  of 
other  species. 

Distribution.  China  (Song,  1980),  In- 
dia, Indonesia,  Philippines  to  New  Guinea 
(Map  2). 

Records.  INDIA:  Madras.  Vellore,  $  (N. 
Lowenthal,  ZMK).  SRI  LANKA  (CEY- 
LON): 1864,  9  (Sarasin,  ZMB);  Kejkant  ved 
Balangoda  [Balangoda],  12  April  1957,  juv. 
(Galathea  Exp.,  ZMK).  VIETNAM:  Sai- 
gon, 1966-1967,  juv.  (P.  Fleischer,  MCZ). 
MALAYSIA:  Perak  Subur,  April-July 
1929,  9  (Dalton,  ZRC).  INDONESIA:  Su- 
matra. Si  Rambe  [Sirombu],  sev.  9  (Mo- 
digliani,  NMW);  Pedang,  juv.  (E.  Reimo- 
ser,  MCZ),  9  (SMF);  between  Taroengen 
and  Biruen,  993  (MCZ);  ?  Afjeh  [?  Atjeh, 
?  Aljeh],  April  1924,  9  (S.  A.  R.  Prince 
Leopold,  IRSN);  Harau  Kloof,  24  April 
1929,  9  (S.  A.  R.  Prince  Leopold,  IRSN); 
Fort  de  Kock  [Bukittinggi],  900  m,  1924, 
59  (E.  Jacobsen,  SMF);  Bungar-Bondar  (W. 
Sumatra),  14  April  1914,  39  (Schiitz,  SMF); 
Lumba  Gaul  [Pulau  Lumba],  1500  m,  1 
Sept.  1919  (O.  Hagerup,  ZMK).  Java.  Ge- 
bang,  Bantar  [?  Bandjar],  1909,  9  (Palmer 
and  Brvant,  MCZ);  Pendjaloe,  31  Dec. 
1928,  29  (S.  A.  R.  Prince  Leopold,  IRSN); 
Buitenzorg  [Bogor],  1906-1907,  9  (T.  Bar- 
bour, MCZ),  Jan.  1922,  9  (T.  Mortensen, 
ZMK),  39  (NMW);  Djakarta,  1957-1958, 
9  (DM.  Rees,  AMNH).  Lombok  Isl.  Cen- 
ter of  island,  9  (C.  Auri-viUius,  NRS).  Bor- 
neo. Pagata  (Grabowski,  ZMB);  Moara 
Terveh  [Muarteweh],  49  (Breitenstein, 
NMW).  Moluccas.  Celebes:  Langoan  Hot 
Springs,  9  (MCZ);  Tember  Hot  Springs,  9 
(MCZ);  Tondano,  9  (SMF).  PHILIP- 
PINES: Luzon.  Manila,  9  (W.  M.  Beck, 
AMNH);  9  (ZMH),  (5  (MNHN);  1945,  9  (W. 
R.  Enns,  AMNH);  Alabong,  20  Jan.  1951, 
9  (J.  Bergseng,  EMC);  Prov.  Albay,  9<$  (Ja- 
gor,  ZMB);  Baguio,  Mtn.  Prov.,  3  Nov. 
1945,  9  (B.  Malkin,  AMNH);  Umber,  Cav- 
ite,  20  Dec.  1950,  9  (J.  Bergseng,  EMC); 
Longayen,  June-July  1945,  S  (R.  B.  Bur- 
rows,  AMNH).    WEST    NEW    GUINEA 


[Djaya  Pura]:  Merauke,  1956,  1957,  9  (Br. 
Monulph,  RNHL).  CAROLINE  IS- 
LANDS: Yap.  Run  Distr.,  26  Aug.  1950,  6 
(R.  J.  Goss,  BPBM);  Colonia,  Julv-Aug. 
1950,  3  (R.  J.  Goss,  BPBM). 

Argiope  buehleri  Schenkel 
Figures  42-46;  Map  2 

Argiope  biihleri  Schenkel,  1944:  184,  fig.  7,  9.  Female 
holotype  from  Soe,  Timor,  four  female  paratypes 
from  Nitel-Tiki  ['r'  Xikiniki],  Timor,  in  the  Natur- 
historisches  Museum,  Basel,  examined. 

Note.  No  others  than  the  original  spec- 
imens could  be  found  in  the  collections 
available.  It  may  be  that  these  specimens 
belong  to  A.  reinwardti. 

Diagnosis.  The  rim  of  the  epigynum  is 
not  as  straight  as  that  of  A.  reinwardti; 
the  septum  has  an  even,  round  curvature 
(Fig.  42)  and  is  not  flattened,  as  is  that  of 
A.  reinwardti. 


Argiope  reinwardti  (Doleschall) 
Figures  47-55;  Map  2 

Epeira  (Argyropes)  trifasciata  Doleschall,  1857:  416, 
pi.  1,  fig.  3,  9.  One  female  holotype  from  Amboina 
[Ambon]  in  the  Rijksmuseum  van  Natuurlijke  His- 
toric, Leiden,  examined  [not  A.  trifasciata  (For- 
skal,  1775)]. 

Epeira  reinwardti  Doleschall,  1859:  31,  pi.  1,  fig.  3. 
Name  gi\en  to  illustrations  of  specimens  from  Ja\a. 
Two  syntypes,  here  labeled,  the  original  specimens 
in  the  Rijksmuseum  van  Natuurlijke  Historic,  Lei- 
den, examined. 

Argiope  doleschalli  Thorell,  1873:  520.  New  name 
for  Epeira  trifasciata  Doleschall,  preoccupied  by 
A.  trifasciata  Forskal,  1775. 

Argiope  doleschalli  sumatrana  Hasselt,  1882:  18. 
Provisional  new  name  for  Sumatra  specimens. 
Specimens  lost  in  the  Leiden  museum. 

Argiope  concinna  Thorell,  1881:  71.  Female  holo- 
type from  Aru  Island  [Arafura  Sea]  in  the  Museo 
Ci\  ico  di  Storia  Naturale,  Genova,  examined.  NEW 
SYNONYMY 

Argiope  doleschalli  hivittigera  Strand,  1911b:  141. 
Last  instar  juvenile  female  holot\pe  from  Flat, 
Great  Ke\  [Kai  Island,  Banda  Sea]  in  the  Senck- 
enberg  Museum,  Frankfurt,  examined.  NEW 
SYNONYMY. 

?  Argiope  barhipoda  Strand,  1911:  144,  pi.  5,  fig.  44. 
Juvenile  holot\pe  from  Grosz  Key,  Elat  [Great  Key, 
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Figures  47-55.  Argiope  reinwardti (Do\eschaU).  47-53.  Female.  47.  Epigynum,  ventral.  48.  Epigynum,  posterior.  49.  Epigynum, 
lateral.  50,  51.  Penultimate  mstar,  epigynal  region.  50.  Ventral.  51.  Posterior.  52.  Carapace  and  abdomen.  53.  Sternum  and 
abdomen.  54,  55.  Left  male  palpus,  mesal.  54  (Papua  New  Guinea).  55.  (Western  Sumatra). 

Figures  56-60.  Argiope  caesarea  Thorell,  female.  56.  Epigynum,  ventral.  57.  Epigynum,  posterior.  58.  Epigynum,  lateral.  59. 
Carapace  and  abdomen.  60.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  52,  53,  59,  60,  1.0  mm. 


Kai  Island,   Banda  Sea]  in  the  Senckenberg  Mu- 
seum, Frankfurt,  e.xamined.  NEW  SYNONYMY. 
Argiope  aetherea  var.  confusa  Kulcz\nski,  1911:  475, 
fig.  47,  9.  One  female  syntype  from  Jenda  [Jende], 
one  female  and  one  juvenile  syntvpe  from  Mani- 


kion,  New  Guinea  in  the  Polish  Academy  of  Sci- 
ence, Warsaw,  examined.  NEW  SYNONYMY. 
Argiope  aetherea  var.  coniuncta  Kulczynski,  1911: 
475,  fig.  46,  9.  Female  holotype  from  the  region 
of  upper  Lake  Jamur.  New  Guinea  in  the  Polish 
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Academy  of  Science,  Warsaw,  examined.  NEW 
SYNONYMY. 

Argiope  celebesiana  Merian,  1911:  203,  pi.  9,  figs.  1- 
3.  Female  holotype  from  Celebes  in  the  Naturhis- 
torisches  Museum,  Basel,  examined.  NEW  SYN- 
ONYMY. 

Argiope  reinwardti: — Roevver.  1942:  741.  Bonnet, 
1955:  693.  Chrysanthus.  1971:  15,  figs.  20-22,  2,  S. 
B.  C.  Robinson  and  M.  H.  Robinson,  1974:  145,  pi. 
3,  9  (photo).  M.  H.  Robinson,  Lubin,  and  B.  Rob- 
inson, 1974:  117-163.  M.  H.  Robinson  and  B.  Rob- 
inson, 1980:  10,  50,  54-60,  109,  191,  figs.  22-24. 

Notes.  Argiope  plana  L.  Koch  from 
Australia,  previously  synonymized  with  A. 
reinwardti,  is  a  synonym  of  A.  trifasciata. 
Argiope  doleschalli  bivittigera  Strand,  al- 
though a  last  instar  juvenile,  has  a  weakly 
sclerotized  epigynum  and  internal  sem- 
inal receptacles  (Figs.  50,  51).  Other  than 
the  one  from  New  Guinea,  only  one  male 
was  found  in  the  collections  available.  This 
one  from  Sumatra,  whose  palpus  has  a 
shorter,  thicker  embolus  (Fig.  55)  and  dif- 
ferently shaped  median  apophysis,  indi- 
cates that  specimens  from  Sumatra  may 
belong  to  a  different  species.  The  females 
from  Sumatra  have  a  wider  septum  than 
the  septum  of  the  specimen  from  New 
Guinea  illustrated  (Figs.  47-49).  Perhaps 
what  is  here  considered  one  species  con- 
sists of  several;  or,  A.  caesarea  and  A. 
buehleri  may  be  subspecies  of  A.  rein- 
wardti. 

The  illustrations  (Figs.  47-49,  52-53) 
were  made  from  specimens  from  Mount 
Kaindi  road,  Wau,  Papua  New  Guinea; 
Figure  55  from  a  male  with  an  expanded 
palpus  from  West  Sumatra. 

Diagnosis.  The  dorsum  of  the  pentag- 
onal female  abdomen  has  three  transverse 
white  bands  on  black  (Fig.  52),  similar  to 
some  specimens  of  A.  aetherea.  The  epig- 
ynum distinguishes  the  two:  in  A.  rein- 
wardti it  has  an  almost  straight  anterior 
rim,  and  the  wide  septum  is  dorsoven- 
trally  flattened;  the  posterior  of  the  sep- 
tum does  not  curve  laterally  into  the 
depression  (Figs.  47,  48).  The  palpus  has 
a  fan-shaped  conductor,  a  simple  clawlike 
embolus,  and  a  median  apophysis  with  a 
spur  on  the  outside  directed  proximallv 
(Fig.  54). 


Variation.  Specimens  in  the  Berlin  Mu- 
seum have  a  different  pattern,  resembling 
that  of  A.  perforata.  Most  are  in  poor  con- 
dition, but  they  all  came  from  the  same 
area:  coastal  New  Guinea  between  Ma- 
dang  and  the  Sepic  River.  Malaysian  in- 
dividuals have  the  sternum  dark  like  the 
northern  A.  caesarea,  and  tubercles  on  the 
sides  facing  each  coxa. 

Natural  History.  Argiope  reinwardti  is 
found  on  the  edge  of  forested  slopes, 
sometimes  rock  faces,  in  the  Wau  area, 
Papua  New  Guinea.  The  web  has  a  sta- 
bilimentum  which  is  a  cross,  crossing  the 
hub;  but  the  stabilimentum  is  frequently 
absent  or  present  only  as  one  diagonal  line 
(B.  C.  Robinson  and  M.  H.  Robinson,  1974; 
M.  H.  Robinson,  Lubin,  and  B.  Robinson, 
1974).  Courtship  and  mating  behavior  is 
reported  in  M.  H.  Robinson  and  B.  Rob- 
inson, 1980.  When  the  spider  is  disturbed 
while  in  the  web,  it  will  fall  to  the  ground 
and  instantaneously  change  the  color  of 
the  abdomen;  the  light  cells  of  the  abdo- 
men contract  and  the  spider  becomes  earth 
colored.  On  the  ground  the  spider  lies  still 
with  its  legs  contracted  (Bristowe,  1976). 

Distribution.  Malay  Peninsula  to  New 
Guinea  (Map  2). 

Records.  MALAYSIA:  Malay  Peninsu- 
la. Kuala  Lumpur,  Sept.  1921,  9  (H.  M. 
Pendleburv,  ZRC);  Tahan  Riv.,  Pahang, 
21  Nov.  1923,  9  (H.  M.  Pendleburv,  ZRC). 
INDONESIA:  Sabah.  Kabayau  and  Bun- 
du  Tuan,  July  1925,  9  (C.  M.  Enriquez, 
ZRC);  Tanompek,  1500  m,  July  1925,  9 
(C.  M.  Enriquez,  ZRC).  Sumatra,  moun- 
tains above  Pagaralam,  29  (MCZ);  W  Su- 
matra, 1974,  93  (W.  S.  Bristowe,  BMNH); 
Fort  de  Kock  [Bukittinggi],  39  (Jacobson, 
NMW).  Java.  Djakarta,  1957-1958,  9  (D. 
M.  Rees,  AMNH);  Tjiboda  [Ciboda],  28 
Aug.  1922,  9  (T.  Mortensen,  ZMK),  April 
1908,  29  (HCO);  Tengger  Mts.,  1300  m, 
16  June  1909,  39  (A.  Berg,  NRS);  Buiten- 
zorg  [Bogor],  1904,  9  (I.  Jensen,  ZMK);  49 
(NMW),  99  (Palmer  and  Bryant,  MCZ). 
Celebes.  Malino,  9  (MCZ);  Lokka  on  Pic 
of  Bantaeng,  1150  m,  9  (NMB);  Pic  of 
Bantaeng,  800-1000  m,  9  (NMB).  Timor. 
29  (C.  Auri-villius,  NRS).  Moluccas.  Am- 
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boina  [Ambon]:  April  1908,  9  (T.  Barbour, 
MCZ);  9  (Smkerbuyk,  IRSN);  9  (NMW). 
Ternate:  1906-1907,  9  (T.  Barbour,  MCZ). 
CHRISTMAS  ISLAND:  numerous  records 
(WAM,  ZRC).  NEW  GUINEA:  West  Ir- 
ian [Djaya  Pura].  Hollandia  [Dja\a] 
(AMNH).  Papua  New  Guinea,  many  rec- 
ords (AMNH,  CNC,  MCZ,  BMNH,  ZMB). 

Argiope  caesarea  Thorell 
Figures  56-60;  Map  2 

Argiope  caesarea  Thorell,  1897:  7.  Two  female  spec- 
imens, probably  not  types,  from  Carin  Cheba  [Kar- 
eni],  1.  Bia  P6,  Burma  in  the  Naturhistoriska  Riks- 
museet,  Stockholm,  examined.  The  types  are 
recorded  from  Carin  Birmaniae  [Kareni]  and  Ca- 
tun  Cauri.  Roewer,  1942.  1:  738.  Bonnet.  1955: 
683. 

Argiope  kalimpongensis  Sinha,  1951:  77,  fig.  3,  2. 
Holot\  pe  from  Kalimpong,  Darjiling  district,  Ben- 
gal, India  in  the  Zoological  Survey  of  India,  not 
available.  NEW  SYNONYMY. 

Argiope  sikkimensis  Tikader,  1970,  64:  28,  fig.  18,  9. 
Female  holotype  from  Rongli,  East  Sikkim,  India 
in  the  Zool.  Survey  of  India,  not  available.  NEW 
SYNONYMY. 

Note.  It  is  uncertain  if  this  is  distinct 
from  A.  reinwardti;  perhaps  the  male  will 
clarify  the  status  of  A.  caesarea.  No  dif- 
ferential characters  were  given  to  separate 
A.  reinwardti  or  A.  caesarea  from  A.  kal- 
impojigensis  or  A.  sikkimensis,  and  I  as- 
sume all  belong  to  the  same  species. 

Diagnosis.  Argiope  caesarea  differs 
from  A.  reinwardti  by  the  coloration  of 
the  sternum,  being  black  on  the  sides  (Fig. 
60),  and  in  that  the  rim  of  the  epigynum 
narrows  laterally  (Figs.  56,  57). 

Records.  BURMA:  Carin  Hills  [Kareni], 
9000-10,000  m,  1885-1889,  39  paratypes 
of  A.  caesarea  (L.  Fea,  ZMH).  INDIA: 
Upper  Assam,  9  (Haberl,  ZMB). 

Argiope  boesenbergi  new  species 

Figures  61-66;  Map  3 

Argiope  aetherea: — Karsch,  1878:  803.  Bosenberg  and 
Strand,  1906:  198,  pi.  12,  fig.  296,  2.  Yaginuma, 
I960:  60,  pi.  25,  fig.  143,  2.  Misidentification,  not 
A.  aetherea  (Walckenaer). 

Coganargiope   (Mesargiope)    aetherea. — Kishida, 

1936:  25. 
Holotype.  Female  from  Mt.  Iwawaki,  Osaka  Pref., 


Japan.  20  .'\ug.  1954  (T.  Yaginuma)  in  the  collec- 
tion of  the  Arachnological  Societv  of  East  Asia  in 
Ohtemon-Gakuin  University,  Osaka. 

Notes.  Since  Karsch  (1878)  there  are 
several  species  for  which  the  name  A. 
aetherea  is  used.  Karsch  gave  the  name 
A.  keyserlingi  to  the  species  illustrated  by 
Keyserling,  1865:  803,  plate  19,  figures  1, 
2,  9.  But  Keyserling  specimens  came  from 
Wollongong,  New  South  Wales,  Australia; 
nor  were  they  the  same  species  as  Walck- 
enaer's  A.  aetherea  from  New  Guinea. 
Bosenberg  and  Strand  (1906),  who  had 
Japanese  and  northern  Australian  speci- 
mens, continued  the  confusion.  Argiope 
keyserlingi  has  to  be  used  for  the  species 
superficially  similar  to  A.  aetherea  from 
southeastern  Australia. 

The  illustrations  of  the  female  were 
made  from  a  specimen  from  the  Kiangsi 
Province,  China;  those  of  male  from  the 
mirror  image  of  the  right  palpus  of  a  Jap- 
anese paratype. 

Diagnosis.  The  female  has  a  diagnostic 
dorsal  abdominal  pattern  (Fig.  64),  yel- 
lowish silver  and  black  in  living  speci- 
mens, somewhat  similar  to  that  of  A.  pic- 
ta.  Females  differ  from  all  other  species 
by  lacking  the  anterior  bulge  of  the  epig- 
ynum; in  place  of  this  structure  the  sep- 
tum projects  anteriorly  into  a  keel  with  a 
median  anterior  groove  (Figs.  61,  63),  and 
the  depressions  on  each  side  are  not  bor- 
dered anteriorly  by  a  lip  (Figs.  61-63). 
The  palpus  of  the  male  has  the  embolus 
divided  into  two  pieces  (Fig.  66),  unlike 
that  of  A.  amoena:  the  distal  piece  is  held 
by  the  conductor;  both  extend  at  a  90° 
angle  to  the  axis  of  the  palpus. 

Distribution.  Japan,  China  (Map  3). 

Paratypes.  JAPAN:  Miyanoshita,  [?Mi- 
yagi  Pref.  Miyato  Shima]  1889,  9  (B. 
Schmacker,  SMF).  Osaka  Pref.  23  June 
1946,  9  (AMNH).  Nara  Pref.  Kitayamak- 
yo,  31  May  1951,  <5  (T.  Yaginuma,  MCZ); 
Yoshinoyama,  Aug.  1980,  9,  30  July  1981, 
9  (T.  Yaginuma,  ASEA);  Yoshino,  14  July 
1963,  9  (T.  Yaginuma,  MCZ). 

Records.  JAPAN  [?]  Saga  Kompira,  9 
(SMF).  CHINA:  Chekiang  Province.  Mo- 
kanshan,  N.  Gist  Gee,  Soochow,  9  (MCZ). 
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Kiangsi  Province.  Hong  San,  25  June  1936, 
9  (MCZ).  Fukien  Province.  Changchow,  9 

(AMNH). 

Argiope  amoena  L.  Koch 
Figures  67-72;  Map  3 

Argiope  amoena  L.  Koch,  1878:  735,  pi.  15,  fig.  1,  9. 
Female  holotype  from  Japan  in  the  British  Mu- 
seum, Natural  History,  examined.  Rosenberg  and 
Strand,  1906:  199,  pi.' 4,  fig.  19,  pi.  12,  fig.  290,  9, 
$.  Strand,  1918:  95,  pi.  2,  fig.  37,  9.  Roewer,  1942: 
740.  Ronnet,  1955:  672.  Yaginuma,  1960:  60,  pi. 
25,  fig.  142,  9.  Song,  1980:  99,  fig.  44,  9. 

Coganargiope  amoena. — Kishida,  1936:  18. 

Argiope  davidi  Schenkel,  1963:  137,  fig.  80,  S.  Male 
holotype  without  palpi  from  Kiangsi  in  the  Mu- 
seum National  d  Histoire  Naturelle,  Paris,  exam- 
ined. NEW  SYNONYMY. 

Notes.  The  holotype  of  A.  davidi  has 
lost  its  palpi.  Schenkel's  illustration,  how- 
ever, indicates  that  it  is  a  male  of  A. 
amoena. 

The  embolus  with  duct  tears  off  when 
mating.  In  one  female  two  emboli  were 
found  on  the  same  side,  one  completely 
inserted  (as  illustrated)  in  the  epigynum, 
and  another  with  only  the  tip  wedged  in. 
The  specimens  illustrated  came  from 
southeastern  Kiangsi  Province,  China. 

Diagnosis.  This  species  is  close  to  A. 
magnifica  and  A.  boesenbergi.  The  fe- 
male differs  by  the  contrastingly  banded 
abdomen  (Fig.  70),  and  by  the  epigynum 
which  is  longer  than  wide,  with  a  U- 
shaped  rim  and  sclerotized  anterior  bulge 
(Fig.  67),  with  the  short  septum  widening 
into  a  very  long  posterior  plate  (Figs.  68, 
69).  The  palpus  differs  by  the  much  long- 
er embolus  flaring  proximally  (Fig.  72). 


Distribution.  Japan,  China  (Map  3). 

Records.  JAPAN:  Kyoto  Pre}.  Kyoto,  18 
July  1980,  2  (T.  Yaginuma).  Okayarna 
Pref.  Okayama,  10  July  1976,  6  (Nishi- 
kawa,  ASEA).  Osaka  Pref.  Nishinomiya, 
June  1946,  29  (W.  Spector,  AMNH).  Sai- 
tama  Pref.  Tokyo,  May  1931,  2  (MCZ).  [?] 
Kogoshima  [Gogo-Shima  Isl.].  [?1  Kyashu, 
June  1958,  2  (N.  L.  H.  Krauss,  AMNH). 
Nara  Pref.  Mt.  Katsuragi,  13  Aug.  1951, 
2  (H.  Yoneda,  AMNH).  Gifu  Pref.  25  Aug. 
1951,  9  (T.  Yaginuma).  Kanagaiva  Pref. 
Misaki,  July  1917,  9  (T.  Mortensen,  ZMK); 
Yokohama,  1889,  49  (G.  Schmacker,  B. 
Schmacker,  SMF).  KOREA:  Sangju,  21 
Aug.  1956,  9  (K.  Paik,  AMNH).  CHINA: 
(Song,  1980).  Kiangsi  Prov.  Soochow 
(AMNH);  Hong  San,  June-July  1936,  99(53 
(L.  Gressitt,  MCZ).  Chekiang  Prov.  Mo- 
kanshan  [Mo-kan  Shan],  N.  Gist  Gee  of 
Soochow,  1936,  99  (L.  Gressitt,  MCZ); 
Shanghai,  June  1906,  99  (S.  C.  Thompson, 
CAS).  Fukien  Prov.  Kuliang  near  Foo- 
chow  [Fuchou],  750  m,  July  1926,  99  (C. 
R.  Kellogg,  CAS).  Hupeh  Prov.  Suisapa, 
Lichuan  Distr.,  22  July  1943,  9  (L.  Gres- 
sitt, CAS),  19  Aug.  1948,  9  (CAS).  Sze- 
chuen  Prov.  Dec.  1914,  9  (BMNH). 

Argiope  magnifica  L.  Koch 
Figures  73-80;  Map  3 

Argiope  magnifica  L.  Koch,  1871:  27,  pi.  2,  fig.  6,  9. 
One  female  from  Rowen,  Queensland,  and  one 
badly  damaged  female  from  Queensland  in  the 
Godeffroy  collection  of  the  Zoologisches  Museum, 
Universitat  Hamburg,  examined. 

Argiope  aemula: — Chrysanthus,  1971:  9,  figs.  1-3,  S. 
M.  H.  Robinson  and  B.  Robinson,  1973:  59;  B.  Rob- 
inson and  M.  H.  Robinson,  1974:  145-159,  pi.  1,  9 


Figures  61-66.  Argiope  boesenbergi  r\.  sp.  61-65.  Female.  61.  Epigynum,  ventral.  62.  Epigynum,  posterior.  63.  Epigynum, 
lateral.  64.  Carapace  and  abdomen.  65.  Sternum  and  abdomen.  66.  Left  male  palpus,  mesal. 

Figures  67-72.  Argiope  amoena  L.  Kocti.  67-71.  Female.  67.  Epigynum,  ventral.  68.  Epigynum,  posterior.  69.  Epigynum, 
lateral.  70.  Carapace  and  abdomen.  71.  Sternum  and  abdomen.  72.  Left  male  palpus,  mesal. 

Figures  73-80.  Argiope  magnifica  L.  Koch.  73-79.  Female.  73,  76.  Epigynum,  ventral.  74,  77.  Epigynum,  posterior.  75.  Epig- 
ynum, lateral.  73-75.  (Cairns,  Queensland).  76,  77.  (Wau,  Papua  New  Guinea).  78.  Carapace  and  abdomen.  79.  Sternum  and 
abdomen.  80.  Left  male  palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  64,  65,  70,  71,  78,  79,  1.0  mm. 
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(photo).  M.  H.  Robinson,  Lubin,  and  B.  Robinson, 
1974:  117-163.  M.  H.  Robinson  and  B.  Robinson, 
1980:  10,  21-22,  43-58,  60,  70,  73,  82-83,  85,  89, 
111,  190-192,  207,  figs.  19-21,  95  (photo)  [mis- 
identification,  not  A.  ocmitla  (Walckenaer)]. 

Notes.  The  specimens  of  A.  magnifica 
from  Bowen  may  not  be  the  types,  since 
the  type  of  A.  magnifica  came  from  Port 
Mackay  and  Rockhampton. 

The  name  A.  magnifica  had  previously 
been  erroneously  synonymized  with  A. 
aemida  (Roewer,  1942:  739). 

Some  females  have  fine  tubes  hanging 
out  of  the  opening  in  the  epigynum 
depression,  the  duct  of  a  male  embolus. 

Figures  73-75  came  from  a  specimen 
from  Cairns,  Australia;  Figures  76-80 
from  Wau,  Papua  New  Guinea. 

Diagnosis.  Females  can  be  separated 
from  most  other  Argiope  by  the  uniform 
dorsal  color  of  the  abdomen,  with  fine 
black  transverse  lines  (Fig.  78).  Unlike  the 
similar  aemula,  the  posterior  plate  of  the 
epigynum  bends  anteriorly  and  meets  the 
scape  on  the  venter  (Figs.  73,  76);  the  sep- 
tum continues  below  as  a  ridge  in  the 
middle  of  the  posterior  plate  (Figs.  74,  77). 
The  anterior  bulge  has  a  characteristic 
shallow  circular  posterior  depression  be- 
tween the  angle  of  the  rim  (Figs.  73,  76). 
The  lateral  edges  of  the  depression  appear 
unfinished  and  flat,  unlike  those  of  A.  ae- 
mula. 

The  palpus  has  a  long,  gently  curved 
embolus,  and  the  median  apophysis  has  its 
spur  on  its  mesal  face  (Fig.  80). 

Natural  History.  In  the  Wau  area,  Pa- 
pua New  Guinea  this  species  is  found  in 
open  grassy  locations  (B.  C.  Robinson  and 
M.  H.  Robinson,  1974).  The  web  usually 
has  an  X-shaped  stabilimentum  whose 
branches  do  not  cross  the  hub  region.  The 
attack  behavior  is  described  in  B.  C.  Rob- 
inson and  M.  H.  Robinson,  1974;  court- 
ship and  mating  behavior  in  M.  11.  Rob- 
inson and  B.  Robinson,  1980. 

Distribution.  New  Guinea,  New  Brit- 
ain, Solomon  Islands,  Queensland  (Map  3). 

Records.  PAPUA  NEW  GUINEA: 
Eastern  Highlands.  Aran,  Oct.  1959,  (J. 
Gunn,  AMNH).  Morobe  Distr.  Finschhaf- 
en,  9  (NMW);  Herzog  Mts.,  Vagau,  1220 


m,  17  Jan.  1965,  29  (M.  E.  Bacchus, 
BMNH).  Mt.  Kaindi,  nr.  Wau,  Mav  1959, 
99  (Archbold  Exped.,  AMNH);  Wau,  18 
March  1979,  993  (several  coll.,  MCZ);  Kab- 
wum  [?],  Huon  Peninsula,  Nov.  1964,  9 
(H.  M.  van  Deusen,  AMNH);  Gemcheng, 
Huon  Renins.,  11-12  April  1955,  9  (E.  O. 
Wilson,  MCZ).  Madang  Distr.  Finistere 
Mts.,  Naho  River  Valley,  Budemu,  1270 
m,  25  Oct.  1964,  9  (M.  E.  Bacchus, 
BMNH);  Kundiawa  near  Gumine,  10  Aug. 
1972,  9  (CNC).  NEW  BRITAIN:  29  (Tring 
Mus.,  BMNH);  9  (Finsch,  ZMB);  Ralum 
[near  Rabaul],  17  May  1896,  9  (F.  Dahl, 
ZMB);  Simpsonhafen  [Rabaul],  May  1909 
(Schwede,  ZMB).  SOLOMON  ISLANDS: 
Guadalcanal  (many  records);  Marova 
Lake,  9  (W.  M.  Mann,  MCZ).  AUSTRA- 
LIA: Queensland.  Cairns,  Aug. -Sept. 
1938,  9  (R.  G.  Wind,  MCZ);  88  km  SW 
Mt.  Garnet,  650  m,  5  Nov.  1962,  9  (E.  S. 
Ross,  CAS);  Bellenden  Ker,  Mav,  9  (E. 
Mjoberg,  NRS);  Bowen,  1882,  9  (NMW). 

Argiope  bruennichi  (Scopoli) 
Figures  81-86;  Map  3 

Aranea  bruennichi,  ScopoH,  1772:  125.  Original 
specimen  from  Carniolia  [Carinthia]. 

Argiope  bniennichi. — Thorell,  1873:  518.  Wiehle, 
1931:  14,  figs.  4b,  5a,  11-17.  193  Roewer,  1942: 
734.  Bonnet,  1955:  678.  Yaginuma,  1960:  60,  pi. 
25,  fig.  144,  9.  Song,  1980:  97,  fig.  43,  9. 

Argiope  bruennichi  orientalis  Strand,  1907a:  416. 
Female  holotype  from  Java  [?  erroneons  localit>  ] 
deposited  in  the  Zool.  Institute  of  the  l'niversit\ 
of  Tiibingen,  examined.  Now  deposited  in  the 
Senckenberg  Museum.  NEW  SYNONYMY. 

Miranda  zalwnica  C'hamberlin,  1924:  17,  pi.  4,  fig. 
34.  Male  holotype  from  Soochow  [?  Hsiichou, 
Kiangsi  Prov.],  China  in  the  National  Musevnn  of 
Natural  History,  Washington,  D.C.,  examined. 
NEW  SYNONYMY. 

Note.  According  to  Strand,  A.  bruen- 
nichi orientalis  is  larger  than  the  Euro- 
pean specimens  but  has  a  similar,  very 
distinct  epigynum.  The  female  here  illus- 
trated came  from  China,  the  male  from 
Japan. 

Diagnosis.  The  genitalia  are  most  sim- 
ilar to  those  of  A.  aurantia  of  North 
America  (Levi,  1968:  56).  As  in  A.  auran- 
tia, the  epigynum  is  a  wide  scape  with  a 
median  dorsal  hollow,  lacking  a  septum 
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Figures  81-86.  Argiope  bruennichi  {ScopoU).  81-85.  Female.  81.  Epigynum,  ventral.  82.  Epigynum,  dorsal.  83.  Epigynum, 
lateral.  84.  Carapace  and  abdomen.  85.  Sternum  and  abdomen.  86.  Left  male  palpus,  mesal. 

Figures  87-97.  Argiope  lobata  (Pallas).  87-96.  Female.  87,  90.  Epigynum,  ventral.  88,  91.  Epigynum,  posterior.  89,  92.  Epig- 
ynum, lateral.  93,  95.  Carapace  and  abdomen.  94,  96.  Sternum  and  abdomen.  87-89,  93,  94.  (Burma).  90-91,  95,  96.  (Java). 
97.  Left  male  palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  84,  85,  93-96.  1.0  mm. 
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(Fig.  82).  However,  the  dorsal  abdominal 
markings  differ  from  the  American  A.  au- 
rantia  (Fig.  84). 

The  male  palpus  has  a  long,  almost 
straight  embolus,  its  tip  held  by  a  conduc- 
tor; the  median  apophysis  has  a  long, 
curved  filamentous  spur  (Fig.  86)  and,  like 
A.  aurantia,  a  row  of  irregular  large  teeth 
laterally  (not  visible  in  Fig.  86).  The  stipes 
(base  of  embolus),  unlike  A.  aurantia  or 
any  other  species,  has  a  soft,  transverse  slit 
(Fig.  86). 

Distribution.  Eurasia  to  Japan  and 
China,  perhaps  Australia  (Map  3). 

Records.  JAPAN:  Kanagawa  Pref.  Yo- 
kohama, 1889,  9  (Schmacker,  SMF.) 
Wakayania  Pref.  Shiono  Misaki,  29  Oct. 
1973,  9  (W.  C.  Sedgwick,  SC).  23  Oct. 
1951,  9  (T.  Yaginuma,  AMNH);  Shiraha- 
ma,  29  Oct.  1972,  9  (W.  C.  Sedgwick,  SC). 
Negorosan,  Naga-gun,  19  Aug.  1950,  S  (H. 
Yoneda,  MCZ);  Mt.  Katsuragi,  Naga-gun, 
13  Aug.  1951,  9  (S.  Kobayashi,  AMNH); 
Yoshino,  6  Aug.  1980,  9;  22  Aug.  1981,  S 
(T.  Yaginuma,  MCZ).  Kyoto  Pref.  Kyo- 
to, 9  (W.  C.  Sedgwick,  SC).  KOREA: 
Sach'ang-ni  [Sojong-ni],  16  Aug.  1953,  9 
(T.  J.  Cohen,  AMNH);  Yach'on-ni,  Su-chon 
River,  18  Aug.  1953,  9  (AMNH);  Taegu, 
28  July  1955,  9  (K.  Paik,  AMNH);  24  km. 
SSE  Kumwha,  Sept.  1953,  9  (T.  J.  Cohen, 
AMNH);  Aug.  1953,  S  (T.  J.  Cohen, 
AMNH).  CHINA:  (Song,  1980).  Hupeh 
Prov.  Suisapa,  22  Aug.  1948,  9  (Djou,  CAS). 
Chekiang  Prov.  Mokanshan  [Mo-Kan  Shan 
mountain],  Soochow  [Suchou].  AUSTRA- 
LIA: New  South  Wales.  Sydney  [locality 
error  ?],  9  (AMS). 

Argiope  lobata  (Pallas) 
Figures  87-97;  Map  3 

Aranea  lohata  Pallas,  1772:  46,  pi,  3,  Bgs  14,  15. 
Specimens  from  unknown  locality  [presumably 
from  the  Ukraine],  lost. 

Argiope  arcuata  Simon,  1884:  343.  Female  holotype 
from  near  Miiinla,  Irrivvaddy  River,  Burma  in  the 
Museum  National  d'Histoire  Naturelle,  Paris,  ex- 
amined. Pocock,  1900:  220,  fig.  70,  2.  Roewer,  1942: 
787.  Roimet,  1955:  673    NEW  SYNONYMY. 

Argiope  lobata— Roewer,  1942;  735.  Bonnet,  1955: 
687.  Levi,  1968:  336,  figs.  25-38,  2<5. 


Note.  The  illustrations  for  Figures  87- 
89,  93,  94  were  made  from  the  holotype 
of  A.  arcuata;  Figures  90-92,  95,  96  from 
a  specimen  from  Java;  Figure  97  from  a 
male  from  Corsica. 

Diagnosis.  The  dorsally  silvery  abdo- 
men with  large  lobes  all  around  (Figs.  93, 
95)  is  diagnostic.  The  epigynum  is  quite 
variable,  lacking  a  distinct  rim,  and  the 
anterior  bulge  continues  as  a  more  or  less 
wide  lobe  which  posteriorly  constricts  into 
a  narrow  median  septum  (Figs.  88,  91) 
(see  also  Levi,  1968:  figs.  25-35).  On  each 
side  of  the  base  of  the  male's  embolus  is  a 
recurved  thorn  (Fig.  97). 

Distribution.  This  species  is  found  from 
the  Mediterranean  to  China  (Roewer, 
1942),  Burma  to  New  Caledonia  and 
northern  Australia  (Map  3). 

Records.  INDIA:  Bombay,  9  (HCO); 
Nilgiri  Hills,  Dekan  [Madras]  (SMF). 
BURMA:  15  Oct.  1922,  9  (B.  Brown, 
AMNH).  INDONESIA:  Java.  9  (coll.  by 
Natur.  Hist.  Comm.,  early  in  the  19th 
cent.,  RNHL).  AUSTRALIA:  Queens- 
land, "northern,"  9,  No.  KS  6182  (AMS). 
NEW  CALEDONIA:  9  (E.  Simon, 
BMNH). 


Argiope  protensa  L  Koch 
Figures  98-106;  Map  3 

Argiope  protensa  L.  Koch,  1872:  211,  pi.  18,  fig.  8, 
9.  Female  holotype  from  Bowen  [Port  Denisson, 
Queensland]  in  the  Godeffro>  collection,  Zoolo- 
gisches  Museum,  Universitat  Hamburg,  examined. 
Roewer,  1942:  743.  Bonnet,  1955:  693.  Chrysan- 
thus,  1971:  15,  figs.  15-19,  9. 

Argiope  syrmatica  L.  Koch,  1872:  213,  pi.  18,  fig.  9, 
9.  Female  holotype  from  Bowen  [Port  Denisson], 
Queensland  in  the  Museum  of  the  Universit\  of 
Hamburg,  examined. 

Epeira  attenuata  Urquhart,  1884:  33,  pi.  9,  fig.  1,  9. 
Female  holotype  from  New  Zealand,  lost. 

Arachnura  longicaiida  Urquhart,  1884:  34,  pi.  9,  fig. 
2,  9.  Female  holot\pe  from  New  Zealand,  lost. 

Argiope  miiltifasciata  Thorell,  1892:  226.  Juvenile 
holotype  from  Singapore  [?  locality  error]  in  the 
National  Museum  of  Ireland,  Dublin,  examined. 
NEW  SYNONYMY. 

Argiope  extensa  Rainbow,  1897:  22(3):  519,  pi.  17, 
fig.  5,  9.  Female  holotype  from  Guildford  [?  New 
South  Wales],  Australia,  KS  6413  in  the  Australian 
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Museum,  S\dnev,  examined.  Roewer,  1942:  742. 
Bonnet,  1955:  685.  Maseord,  1970,  pi.  34,  fig.  134, 
9  (photograph). 

Argiopc  pallida  Rainbow,  1897:  521,  pi.  17,  fig.  6,  9. 
Female  holotype  from  Queanbeyan,  New  South 
Wales,  KS  7111  in  the  Australian  Museum,  Syd- 
ney, examined.  NEW  SYNONYMY. 

Argiope  gracilis  Rainbow,  1897:  522,  pi.  17,  fig.  7,  9. 
Female  specimen  from  Queanbeyan,  Australian 
Museum,  Sydney,  examined.  Holotype  allegedly 
from  Bungendore  (not  A.  gracilis  Blackwall).  NEW 
SYNONYMY. 

Argiope  haynesi  Hogg,  1914:  73,  pi.  1,  fig.  3,  9.  Fe- 
male s\ntypes  from  Monte  Bello  Islands,  Western 
Australia,  in  the  British  Museum,  Natural  History, 
examined.  NEW  SYNONYMY. 

Argiope  gracillima  Roewer,  1942:  742.  New  name 
for  A.  gracilis  Rainbow,  preoccupied. 

Notes.  Thorell's  A.  nmltifasciata  is  al- 
most certainly  this  species.  Thorell  no- 
ticed the  similarity  but  named  it  because 
it  came  from  Singapore.  Was  it  intro- 
duced to  Singapore?  Is  there  a  similar  un- 
common native  species,  or  is  the  locality 
in  error? 

A  female  marked  A.  gracilis  by  Rain- 
bow, but  from  Queanbeyan,  is  apparently 
the  type  of  A.  gracilis  since  it  is  the  spec- 
imen which  Rainbow  illustrated:  the  shape 
of  the  abdomen  and  the  pigment  distri- 
bution in  the  illustration  and  specimen  ex- 
amined are  alike. 

The  female  was  illustrated  from  a  spec- 
imen from  New  Zealand  (Figs.  98-103). 
The  male  was  illustrated  (Fig.  106)  from 
an  individual  from  Swan  River,  Australia 
(MCZ).  Figure  105  was  prepared  from  the 
holotype  of  A.  pallida;  Figure  104  from  a 
female  from  Fitzroy  Island,  northern 
Queensland. 

Diagnosis.  Argiope  protensa,  unlike 
other  species  except  A.  probata,  has  a  nar- 
row abdomen  overhanging  and  extending 
beyond  the  spinnerets  (Figs.  102-105). 
Unlike  the  epigynum  of  A.  probata,  the 
openings  face  dorsally  toward  the  venter 
of  abdomen  (Figs.  98-101). 

The  male  can  be  told  by  the  long  curved 
embolus,  whose  tip  is  held  by  a  conductor 
that  is  directed  proximally.  Unlike  other 
species,  the  median  apophysis  points 
proximally  and  has  a  long  S-shaped  spur 
in  the  same  direction  (Fig.  106). 


Variation.  The  shape  of  the  abdomen 
is  very  variable:  short,  with  almost  no  tail 
(Fig.  105),  or  a  post-spinneret  tail  of  vari- 
able length  (Figs.  103,  104).  The  sternum 
of  many  specimens  has  pairs  of  tubercles 
facing  the  coxae.  At  present  I  believe  they 
are  all  one  species  because  of  the  similar- 
ity of  the  genitalia.  The  size  range  of  fe- 
males is  13  to  21  mm.  Maseord  (1970, 
Australian  Spiders  in  Colour)  presented 
photographs  under  the  name  of  A.  pro- 
tensa (fig.  130),  A.  extensa  (fig.  134),  and 
A.  syrmatica  (fig.  135). 

Distribution.  Australia,  New  Zealand 
(Map  3). 

Records.  AUSTRALIA:  Queensland. 
Townsville,  March  1927,  2  (G.  Dennes, 
AMS);  Mt.  Isa,  1980,  9  (AMS);  Hughen- 
den,  9  (AMS);  Alice  Riv.,  9  (E.  Mjoberg, 
NRS).  New  South  Wales.  Mascot,  13 
March  1968,  9  (R.  Maseord,  AMS);  Rich- 
mond North,  1  March  1972,  9  (R.  Mc- 
Donald, AMS);  Springwood,  27  Dec.  1966, 

9  (A.  E.  Speechley,  AMS);  Queanbeyan,  9 
(AMS);  Colo  Vale,  9  (AMS);  The  Rocks, 
Sydney,  19  March  1967,  9  (AMS);  May- 
lands,  4  May  1938,  9  (C.  L.  Henley, 
WAM);  Wyangarie,  9  (AMS);  Scone,  9 
(AMS);  Mittagong,  7  Nov.  1974  (B.  Col- 
lins, AMS).  Victoria.  Gisborne,  9  (AMS). 
A.C.T.  Glaninderra,  Canberra,  apple  or- 
chard, 14  Feb.  1964,  9  (CNC).  Northern 
Territory.  Alice  Springs,  shrubs,  S  (J. 
Wunderlich,  WC);  18  km  N  Alice  Springs, 
625  m,  28  Oct.  1962,  9  (E.  S.  Ross,  CAS); 
Macdonald  Downs,  400  m,  30  Oct.  1962, 
93  (E.  S.  Ross,  CAS);  Kulgera,  99  (B. 
Greenwood,  WAM).  Westerii  Australia. 
Geraldton;  27  km  N  Payne's  Find,  400  m; 

10  km  N  Mandurah;  Mt.  Magnet,  410  m; 
Milly  Milly;  Rossmore,  9;  Sir  Graham 
Moore  Isl.  nr.  Anjo  Penins.;  Kimberley 
Distr.;  St.  George  Range;  Montebello  Isls.; 
Milling,  lowland  flats;  Kathleen  Valley, 
wasp  nest;  Kalgoorlie;  Newmarracarra; 
Wembley;  Tombrey;  Bedford  Park;  Joon- 
dana;  Calbarri;  Gee  Gie  Outcamp;  Mur- 
chison;  Perth;  Midland  Junction;  Morley; 
Florest  Park;  Carrolligooda  Well;  Brown 
Bone  Cave,  Pinnacles  Desert;  City  Beach, 
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nr.  Riffle  Range;  Youanmi;  Doodlakine; 
Prairie  Downs.  South  Australia.  Kanga- 
roo Isl.,  7  km  W  of  Emu  Bay,  6  Dec.  1977, 
9  (D.  C.  F.  Rentz  and  B.  G.  F.  Rentz, 
CSIRO). 


Argiope  probata  Rainbow 
Figures  107-111;  Map  3 

Argiope  probata  Rainbow,  1916:  91,  pi.  21,  fig.  13, 
2.  Female  and  one  juvenile  male  syntypes  from 
Pentland,  Queensland,  Australia,  KS  6157  in  the 
Australian  Museum,  Sydney,  e.xamined.  Roewer, 
1942:  743.  Bonnet,  1955:  693. 

Argiope  ocyaloides: — Mascord,  1978:  6  (photograph) 
[misidentification]. 

ISIote.  The  illustrations  of  the  female 
(Figs.  107-110)  were  prepared  from  the 
type  specimen.  The  male's  first  femur  has 
long  macrosetae,  six  on  the  right,  five  on' 
the  left,  standing  up  and  each  more  than 
three  femur  diameters'  length.  There  are 
smaller  macrosetae  on  all  tibiae  and  prox- 
imal parts  of  metatarsi.  The  male  (Fig. 
Ill)  is  from  Wolfram,  Queensland,  and 
has  not  been  collected  with  the  female. 

Diagnosis.  The  female  differs  from  A. 
protensa  by  the  flat  epigynum  facing  ven- 
trally  (Fig.  107);  the  male  by  the  embolus 
having  the  tip  doubled  up  over  its  base 
(Fig.  111).  The  median  apophysis  has  an 
enormous  distal  projection  (Fig.  111). 

Variation.  Some  specimens  have  a 
longer  tail,  others  a  much  shorter  one  than 
pictured  in  Figures  109  and  110. 

Records.  AUSTRALIA:  Queensland. 
Wolfram,  11  Feb.  1972,  6  (N.  C.  Coleman, 
AMS);  8  Aug.  1971,  9  (R.  E.  Mascord, 
AMS);  Mareeba,  8  Feb.  1970,  9<5  (N.  C. 
Coleman,  AMS). 


Argiope  trifasciata  (ForskSI) 
Figures  112-119;  Map  3 

Aranea  trifasciata  Forskal,  1775:  86.  Original  spec- 
imens from  Cairo  [Egypt],  lost. 

Argiope  avara  Thorell,  1859:  299.  Female  syntypes 
from  San  Francisco,  California  and  Oahu,  Hono- 
lulu, in  the  Naturhistoriska  Riksmuseet,  Stock- 
holm, examined.  Chrysanthus,  1971:  12,  figs.  9-12. 

Argiope  plana  L.  Koch,  1867:  181.  Four  female  syn- 
types from  Peak  Downs  [southern  Queensland]  and 
one  from  Bowen,  Queensland  in  the  Godeffroy  col- 
lection of  the  Zoologisches  Museum,  L'niversitat 
Hamburg,  examined.  NEW  SYNONYMY. 

Argiope  fasciata. — Keyserling,  1886:  133. 

Argiope  avara  kauaiensis  Simon,  1900:  477.  One  fe- 
male s>nt>pe  from  Kauai  Island,  Hawaii  in  the 
Bishop  Museum,  Honolulu,  not  examined. 

Metargiope  trifasciata: — F.  P. -Cambridge,  1903:  451, 
pi.  43,  figs.  2,  3,  9,  S.  Kishida,  1936:  17. 

Austrargiope  plana: — Kishida,  1936:  17. 

Argiope  trifasciata: — Roewer,  1942:  733.  Bonnet, 
1955:  694.  Levi,  1968:  340,  pi.  1,  figs.  58-72,  74- 
91,  2,  $.  M.  H.  Robinson,  Lubin,  and  B.  Robinson, 
1974:  128. 

Brachygea  ptatycephala  di  Caporiacco,  1947:  24. 
Male  holotype  from  British  Guyana  in  the  Zoolog- 
ical Museum  of  the  Uni\ersit\  of  Florence,  ex- 
amined. NEW  SYNONYMY. 

Argiope  pradhani  Sinha,  1951:  76,  fig,  2,  9.  Female 
holot\  pe  from  Saran,  Bihar.  India  in  the  Zoological 
Survey  of  India,  not  available.  NEW  SYNONY- 
MY. 

Notes.  The  name  of  A.  plana  had  pre- 
viously been  considered  a  synonym  of  A. 
reinwardti  (Doleschall).  Sinha's  illustra- 
tions of  A.  pradhani  appear  to  be  those  of 
A.  trifasciata. 

The  illustrations  (Figs.  112,  117,  119) 
were  made  from  Hawaiian  specimens; 
Figure  118  from  a  specimen  from  New 
Caledonia. 

Diagnosis.  The  dorsum  of  the  abdomen 
is  oval  and  has  transverse  black  lines  (Figs. 
115,  118).  The  two  ventral  paraxial  lines 


Figures  98-106  Argiope  protensa  L  Koch.  98-105.  Female.  98.  Epigynum,  ventral.  99.  Epigynum,  dorsal.  100.  Epigynum, 
dorsal,  cleared.  101.  Epigynum,  lateral.  102.  Carapace  and  abdomen.  103-105.  Sternum  and  abdomen.  103.  (New  Zealand). 
104.  (Northern  Queensland).  105.  (New  South  Wales).  106.  Left  male  palpus,  mesal. 

Figures  107-111.  Argiope  probata  Rainbow.  107-110.  Female.  107.  Epigynum,  ventral.  108.  Epigynum,  posterior.  109.  Car- 
apace and  abdomen.  110.  Sternum  and  abdomen.  111.  Left  male  palpus,  mesal. 

Figures  112-119.  Argiope  fr/fasc/afa  (Forskai).  112-118.  Female.  112.  Epigynum,  ventral.  113.  Epigynum,  posterior.  114.  Epig- 
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ynum,  lateral.  1 1 5.  Carapace  and  abdomen.  1 1 6.  Sternum  and  abdomen.  117,118.  Abdomen,  dorsal.  115,116.  (Oahu,  Hawaii) 
117.  (Kauai,  Hawaii).  1 1 8.  (New  Caledonia).  1 1 9.  Left  male  palpus,  mesal. 
Scale  lines.  0.1  mm,  except  Figures  102-105,  109,  1 10,  115-1 18,  1.0  mm. 
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include  a  black  area  containing  a  variable 
number  of  pairs  of  white  patches  (Fig. 
116).  Unlike  females  of  other  species,  the 
anterior  bulge  of  the  epigynum  lacks  the 
distinct  rims  which  fuse  into  the  septum, 
and  instead  the  septum  anteriorly  over- 
hangs the  rim  (Fig.  112).  Posterodorsally, 
the  septum  widens  into  a  bottle-shaped 
posterior  plate  (Fig.  113).  Within  the 
depression  the  posterior  plate  is  wide  and 
hollowed  out  on  each  side  (Fig.  112). 

Unlike  that  of  other  species  of  the  re- 
gion, the  conductor  and  embolus  coil  and 
face  ventrally  (Fig.  119);  the  median 
apophysis  has  only  a  minute  filamentous 
spur  on  its  edge. 

Variation.  The  dorsum  of  the  abdomen 
of  specimens  from  Kauai  Island,  Hawaii 
is  black  with  a  light  anterior  (Fig.  117), 
resembling  Argiope  bougainvilla  from  the 
Solomon  Islands  and  Cyrtophora  tnohic- 
censis  (Doleschall).  Simon  considered  this 
coloration  a  subspecies.  Females  from 
Australia  and  New  Caledonia  have  the 
sides  of  the  abdomen  slightlv  scalloped 
(Fig.  118). 

Natural  History.  Argiope  trifasciata 
occurs  on  roadsides  and  in  grasslands  in 
the  Wau  Valley,  Papua  New  Guinea  (M. 
H.  Robinson,  Lubin,  and  B.  C.  Robinson, 
1974). 

Distribution.  Probably  worldwide  in  the 
temperate  and  tropical  areas.  Absent  from 
Europe  and  Japan.  Very  common  in  Ha- 
waii (Map  3). 

Records.  HAWAIIAN  ISLANDS: 
"Sandwich  Island,"  ca.  1864,  $9  (A.  Gar- 
ett,  MCZ).  Oahu.  28  March  1889,  9$  (Gal- 
athea  Exped.,  ZMK);  Koko  Head;  Mt. 
Tantalus,  Waimano  Ridge;  Honolulu; 
Kauloa  Point;  Manoa  Valley,  Mokuleia; 
Waialua;  Kailua;  Wahiarra.  Kauai.  Alakai 
Swamp;  Wailua;  Kilaua;  Kau  Distr.,  vol- 
cano road.  Hawaii.  Kamulea;  Lanai  (?); 
Mauna  Loa  Truck  Trail.  NEW  GUINEA: 
Port  Moresby;  McLong  Island  (?).  BIS- 
MARCK ARCHIPELAGO:  South  Hermit 
Isl.,  15  Feb.  1952,  9  (T.  C.  Campbell,  CSI- 
RO).  AUSTRALIA:  Queensland.  Eids- 
vold;  Gordonvale;  Bluff  Down;  Maylands; 
Bicton.    New    South    Wales.    Mittagong; 


Long  Bay;  Yerrinbool;  Kurnell;  Malabar; 
Sydney;  Kingscliff;  Jenolan  State  Forest; 
Bilpin.  Australian  Capitol  Territory. 
Canberra,  6  April  1979,  9,  5  March  1935 
(A.  L.  Tonnor,  CSIRO).  Victoria.  Bruns- 
wick, 20  May  1966,  9  (E.  George,  WAM). 
Northern  Territory.  Charters  Towers;  Mt. 
Molloy.  Western  Australia.  Fitzgerald 
River;  Greenshields;  Marmion;  Bridge- 
town; Kings  Park;  Leederville;  Maylands; 
Rossmorine;  Subiaco;  Gosnells;  East  Fre- 
mantle;  Perth;  Hellfire  Bay  Camp,  swamp; 
Freemantle;  Applecross.  NEW  CALE- 
DONIA: Quatom  Vallev;  Noumea;  N  of 
Tomo.  SRI  LANKA:  "Ceylon,"  63  (HCO). 
INDONESIA:  Sumatra.  Balinghe  [Bal- 
inge],  99  (Modigliani,  NMW). 

Argiope  but  lock  i  Rainbow 
Figures  120-123;  Map  4 

Argiope  bullocki  Rainbow,  1908:  46,  fig.  3,  2.  Female 
holotype  from  Parkville,  near  Scone,  New  South 
Wales,  #KS  2464  in  the  Australian  Museum,  Syd- 
ney, e.xamined.  Roewer,  1942:  741.  Bonnet,  1955: 

683. 

Diagnosis.  Argiope  bullocki  differs  from 
A.  probata  by  having  a  shield-shaped  ab- 
domen (Fig.  122),  and  from  A.  ocyaloides 
and  A.  doboensis  by  having  the  rim  of  the 
epigynum  laterally  completely  surround 
the  circular  depressions  (Fig.  120). 

Argiope  ocyaloides  L.  Kocli 
Figures  124-129;  Map  4 

Argiope  ocyaloides  L.  Koch,  1871:  30,  pi.  2,  fig.  8,  $. 
Female  from  Port  Mackay  [near  Townsville, 
Queensland]  in  the  Godeffroy  collection,  Zoolo- 
gisches  Museum,  Universitat  Hamburg,  lost.  Fe- 
male from  Rockhampton,  Queensland  in  the  L. 
Koch  collection  of  the  British  Museum,  Natural 
History,  here  designated  neotype,  examined. 
Roewer,  1942:  742.  Bonnet,  1955:'  692. 

Note.  A  female  from  Redlynch, 
Queensland,  Australia,  and  a  male  from 
Proserpine,  Queensland  were  illustrated. 

Diagnosis.  This  small  species  resembles 
and  has  been  confused  with  A.  doboensis 
of  New  Guinea.  It  differs  by  having  the 
septum  and  rims  of  the  epigynum  in  the 
shape  of  a  weakly  sclerotized  T  (Fig.  124); 
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Figures  120-123.    Argiope  bu/toc/c;  Rainbow,  female.  120.  Epigynum,  ventral.  121.  Epigynum,  posterior.  122.  Carapace  and 
abdomen.  123.  Sternum  and  abdomen. 

Figures  124-129.     Argiope  ocyaloides  L.  Koch.  124-128.  Female.  124.  Epigynum,  ventral.  125.  Epigynum,  posterior.  126. 
Epigynum,  lateral.  127.  Carapace  and  abdomen.  128.  Sternum  and  abdomen.  129.  Left  male  palpus,  mesal. 

Figures  130-135.     Argiope  doboensis  SXrar\6.  130-134.  Female.  130.  Epigynum,  ventral.  131.  Epigynum,  posterior.  132.  Epig- 
ynum, lateral.  133.  Carapace  and  abdomen.  134.  Sternum  and  abdomen.  135.  Left  male  palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  122,  123,  127,  128,  133,  134,  1.0  mm. 
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that  of  A.  doboensis  is  an  upside-down  T. 
The  male  differs  by  having  the  embolus 
of  the  palpus  coiled  back  on  itself  (Fig. 
129),  as  is  that  of  A.  probata. 

Records.  AUSTRALIA:  Queensland.  9 
(NMW);  Cairns,  14  Oct.  1914,  9  (W.  M. 
Wheeler,  MCZ);  Redlynch,  18  Oct.  1938, 
9  (R.  G.  Wind,  MCZ);  Rochedale,  15  Dec. 
1973,  99  (R.  Raven,  QMB);  Proserpine,  17 
Aug.  1971,  9,  6  (N.  C.  Coleman,  QMB). 

Argiope  doboensis  Strand 
Figures  1,  2,  130-135;  Map  4 

Argiope  doboensis  Strand,  1911b:  144,  pi.  4,  fig.  6,  9 
juv.  Juvenile  holotype  from  Wamar  Island  in  forest 
between  Dobo  and  \'ezagil,  Indonesia  [Arn  Isls.]  in 
the  Senckenberg  Museum,  Frankfurt,  e.xamined. 

Argiope  ocyaloides. — Chrysanthus,  1971:  14,  figs.  13- 
16.  M.  H.  Robinson  and  Lubin,  1979:  116,  fig.  7 
(web  photo).  M.  H.  Robinson  and  B.  Robinson, 
1980:  10,  51,  104-109.  192-193,  figs.  52-54,  $<3. 
Misidentification;  not  A.  ocyaloides  L.  Koch. 

Note.  The  female  illustrated  came  from 
Madang,  the  male  from  Wau,  Papua  New 
Guinea. 

Diagnosis.  Argiope  doboensis,  like  A. 
ocyaloides,  is  much  smaller  than  most  Ar- 
giope species,  only  about  7  mm  total 
length.  The  female  is  readily  recognized 
by  the  three  pointed  extensions  on  the  ab- 
domen, two  anteriorly  and  one  blunt  one 
posteriorly  (Fig.  133).  The  abdomen  also 
has  white  bands  on  each  side  of  the  dor- 
sum; the  venter  a  pair  of  exclamation 
marks  (Fig.  134).  Unlike  the  Australian  A. 
ocyaloides,  the  septum  and  posterior  plate 
of  the  epigynum  form  an  upside-down  T 
in  ventral  view,  and  the  openings  are  un- 
der a  transverse  slit  on  each  side  (Fig.  130). 

The  male,  only  slightly  smaller  than  the 
female,  has  similar  coloration  on  the  ab- 
domen, and  is  armed  with  strong  macro- 
setae  on  the  first  and  second  patella  and 
tibia.  The  abdomen  is  shield-shaped  with 
points  indistinct.  Unlike  A.  ocyaloides,  the 
embolus  is  evenly  tapered  to  the  tip  and 
not  coiled;  the  median  apophysis  has  two 
prongs  with  the  spur  near  the  tip  of  the 
mesal  one  (Fig.  135). 

Natural  History.  The  web,  like  that  of 


Herennia,  is  found  on  the  trunks  of  trees, 
most  common  on  Araucaria.  Trunk  pro- 
jections support  the  web.  Unlike  the  web 
of  Herennia,  it  is  not  curved;  at  its  closest 
it  is  2  to  3  cm  from  the  trunk  (M.  H.  Rob- 
inson and  Lubin,  1979).  Courtship  and 
mating  is  described  in  M.  H.  Robinson  and 
B.  Robinson,  1980. 

Records.  NEW  GUINEA:  West  Irian 
[Djaya  Pura].  Maffin  Bay,  Sept.  1944,  9  (E. 
S.  Ross,  CAS).  Papua  New  Guinea.  Mo- 
robe  Distr.:  Wau,  96  (MCZ);  Bulolo,  18 
Aug.  1970,  9  (M.  Gray,  AMS). 

Argiope  dietrichae  new  species 
Figures  136-140;  Map  4 

Holotype.  Female  from  Pyramid  Pool  Cave,  West- 
ern Australia,  30'  [10  m]  above  water,  5  June  1970 
[22°17'S  11S°19'W]  in  the  Western  Australian  Mu- 
seum, Perth.  The  species  is  named  after  .^malie 
Dietrich,  19th  century  collector  of  spiders  for  God- 
effroy. 

Description.  Female  paratype  from 
Dales  Gorge.  Carapace  brown  streaked 
with  light  colored  down.  Sternum  with  a 
median  posterior  white  mark.  Legs  light 
brown  with  darker  spots  and  bands.  Dor- 
sum of  abdomen  with  a  folium  surround- 
ed by  light  dots.  Folium  enclosing  trans- 
verse bands,  spotted.  Venter  with  usual 
Argiope  pattern.  Anterior  lateral  eyes  0.8 
diameter  of  anterior  medians.  Posteriors 
subequal  to  anterior  medians.  Anterior 
median  eyes  1.3  diameters  apart,  1.5  from 
laterals.  Posterior  median  eyes  1.5  diam- 
eters apart,  2.5  from  laterals.  Abdoiaen 
slightly  lobed  on  sides  (Fig.  139).  Total 
length,  13.5  mm.  Carapace,  5.3  mm  long, 
4.5  mm  wide.  First  femur,  9.4  mm;  pa- 
tella and  tibia,  10.2  mm;  metatarsus,  9.8 
mm;  tarsus,  2.3  mm.  Second  patella  and 
tibia,  10.1  mm;  third,  5.2  mm;  fourth,  8.8 
rn  m . 

Diagnosis.  Argiope  dietrichae  differs 
from  A.  ocyaloides,  A.  doboensis,  and  A. 
katherina  by  having  a  narrower  rim  and 
septum  of  the  epigynum  (Fig.  136),  and 
in  having  the  posterior  plate  much  wider 
than  long  in  posterior  view  (Fig.  137).  The 
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Figures  136-140.     Argiope  dietrlchae  n.  sp.,  female.  136  Epigynum,  ventral.  137,  Epigynum,  posterior.  138.  Epigynum,  lateral. 

139.  Carapace  and  abdomen.  140.  Sternum  and  abdomen. 

Figures  141-151.     /Arg/ope  cWore/s  Thorell,  female.  141.  Epigynum,  ventral.  142,  145.  Epigynum,  posterior.  143.  Epigynum, 

lateral.  144.  Epigynum,  anteroventral.  141-143.  (Western  New  Guinea).  144,  145.  (Sumatra).  146,  148,  150.  Carapace  and 

abdomen.  147,  149,  151.  Sternum  and  abdomen.  146,  147.  (Western  New  Guinea).  148,  149.  (Sumatra).  150,  151.  (Celebes). 

Figures  152-156.     Argiope  thai  r\.  sp.,  female.  152.  Epigynum,  ventral.  153.  Epigynum,  posterior.  154.  Epigynum,  lateral.  155. 

Carapace  and  abdomen.  156.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  139,  140,  146-151,  155,  156,  1.0  mm. 
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abdomen  lacks  an  anterior  projection  and 
a  posterior  extension  behind  the  spinner- 
ets (Fig.  139). 

Variation.  The  septum  of  the  epigy- 
num  of  one  specimen  from  Wotjulum 
Mission  is  considerably  wider  than  that  il- 
lustrated from  Dales  Gorge.  Specimen 
from  Tanami  Bone  Hole,  N.T.  has  the  ab- 
domen entire  and  the  openings  in  ventral 
view  are  circles.  Four  specimens  from 
Kimberley  Distr.  differ  by  having  the  pos- 
terior plate  of  the  epigynum  triangular 
and  the  lips  of  the  openings  circular.  The 
abdomen  is  less  lobed. 

Paratypes.  AUSTRALIA:  Western 
Australia.  Dales  Gorge,  625  m,  10  Oct. 
1962,  5,  juv.  (E.  S.  Ross  and  D.  Q.  Cav- 
agnaro,  CAS);  Wotjulum  Mission  via  Der- 
by, Oct.  1955,  2$  (A.  Douglas,  WAM);  4$ 
(WAM).  Northern  Territory.  Tanami 
Govt.  Borehole,  Julv  1971,  9  doubtful  de- 
term.  (J.  Hodgson,  CSIRO). 


Argiope  chloreis  Thorell 
Figures  141-151;  Map  4 

Argiope  chloreis  Thorell,  1S77:  368.  Juvenile  female 
holot\  pe  from  Kendari,  Celebes  in  the  Museo  Civ- 
ico  di  Storia  Naturale,  Geneva,  examined.  Roewer, 
1942:  738.  Bonnet,  1955:  684. 

Argiope  puniila  Thorell,  1890:  99.  Female  syntype 
from  Sungeibulu,  Sumatra  in  the  Museo  Civico  di 
Storia  Naturale,  Genova,  examined.  Roewer,  1942: 
738.  Bonnet,  1955:  693.  NEW  SYNONYMY. 

Argiope  chloreides  Chrysanthus,  1961:  197,  figs.  5- 
8,  9.  Female  holotype  from  Mindiptana,  West  New 
Guinea  in  the  Rijksmuseum  van  Natuurlijke  His- 
torie,  Leiden,  examined.  NEW  SYNONYMY. 

Notes.  The  penultimate  female  of  A. 
chloreis  (Figs.  150,  151)  probably  belongs 
to  the  same  species  as  A.  piiniila  (Figs. 
148,  149).  They  have  similar  white  venter 
of  the  abdomen.  The  dorsal  markings  of 
A.  ptimila  have  disappeared  (Fig.  148). 
The  sternum  of  A.  chloreis  is  noticeably 
larger  (Fig.  151)  than  that  of  A.  purnila 
(Fig.  149);  that  of  the  type  specimen  of 
A.  chloreides  is  intermediate  in  size  (Fig. 
147).  Figures  141-143,  146,  147  were  pre- 
pared from  the  holotype  of  A.  chloreides, 
the   best    preserved    of   these   specimens. 


Chrysanthus  indicated  that  A.  chloreides 
differed  by  lacking  macrosetae  on  the 
ventral  side  of  the  tibia  I  and  II.  But  ex- 
amination of  the  holotype  showed  that 
they  had  broken  off. 

Diagnosis.  Argiope  chloreis  has  very 
distinct  coloration:  the  dorsum  of  the  ab- 
domen has  light  bordered  dark  patches 
(Fig.  146);  the  venter  a  median  rectan- 
gular white  area,  bordered  on  each  side 
by  a  narrow,  broken  longitudinal  dark  line 
(Figs.  147,  149,  151).  The  abdomen  lacks 
the  anterior  projection  of  A.  dohoensis. 
Circling  the  abdomen  on  the  sides  is  a  dis- 
tinct line  bordering  a  much  lighter  area 
on  the  dorsum,  and  a  much  darker  area 
ventrally  than  on  the  dorsum.  The  epig- 
ynum is  small  and  relatively  flat  (Figs. 
141-145). 

Distribution.  Sumatra,  Moluccas  to  New 
Guinea  (Map  4). 

Records.  INDONESIA:  Moluccas.  Mo- 
rotai  Isl.,  Jan. -April  1945,  9  (G.  Banner, 
AMNH).  Sumatra.  Perdagangan  [?],  9  (E. 
Mjoberg,  NRS).  PAPUA  NEW  GUINEA: 
East  Sepik  Distr.  Topferfluss  [Keram  Riv- 
er], 21  April  1913,  9  (Biirgers,  ZMB).  Milne 
Bay  Distr.  Modewa  Bay,  32-40  km  W  of 
Samarai,  1956,  9  (Archbold  Exped., 
AMNH).  Madang  Distr.  Finisterre  Mts., 
Naho  River  Valley,  Damanti,  1100  m,  2- 
7  Oct.  1964,  imm.  doubtful  determ.  (M. 
E.  Bacchus,  BMNH). 

Argiope  thai  new  species 
Figures  152-156;  Map  4 

Holotype.  Female  in  poor  condition  from  Preuw, 
Chantaburi  [Chathaburi],  Thailand,  4  Jan.  1958  (N. 
Meinkoth)  in  the  Museum  of  Comparative  Zoolo- 
gy. The  specific  name  is  a  noun  in  apposition,  de- 
rived from  the  country  of  the  type  locality. 

Description.  Carapace  light  brown  with 
dark  brown  irregular  patches,  covered 
with  white  setae.  Sternum  with  median 
longitudinal  w  hite  pigment  band,  dark  on 
sides.  Legs  light  brown  w  ith  dark  brown 
speckles.  Dorsum  of  abdomen  \\  ith  indis- 
tinct white  patches.  Venter  dark  brown 
with    two    longitudinal    lines    and    white 
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spots.  Anterior  lateral  eyes  0.6  diameter 
of  anterior  medians;  posterior  median  eyes 
1.4  diameters;  posterior  laterals  1.2  di- 
ameters. Anterior  median  eyes  their  di- 
ameter apart,  1.5  from  laterals.  Posterior 
median  eyes  1.2  diameters  apart,  2  from 
laterals.  Total  length,  13.0  mm.  Carapace, 
3.7  mm  long,  3.2  mm  wide.  First  femur, 
5.0  mm;  patella  and  tibia,  5.2  mm;  meta- 
tarsus, 5.0  mm;  tarsus,  1.7  mm.  Second 
patella  and  tibia,  6.3  mm. 

Diagnosis.  This  species  differs  from 
other  Argiope  by  having  the  second  leg 
considerably  longer  than  the  first.  The 
epigynum  differs  from  all  other  Argiope 
by  having  the  flange  of  the  rim  forming 
a  lobe  on  each  side  of  the  depression  (Fig. 
152).  The  wide  posterior  plate  fills  the 
depression,  and  is  hollowed  out  on  each 
side  of  the  septum  (Fig.  153). 

Argiope  possoica  Merian,  new  status 
Figures  157-161;  Map  4 

Argiope  celebesiana  possoica  Merian,  1911:  205.  Fe- 
male holotype  from  Posso  Sea  [Teluk  Poso  Bay], 
Celebes  in  the  Naturhistorisches  Museum,  Basel, 
examined.  Roevver,  1942:  738.  Bonnet,  1955:  684. 

Note.  This  species  was  described  as  a 
subspecies  of  A.  reinwardti. 

Diagnosis.  Argiope  possoica  superfi- 
cially resembles  A.  modesta  in  abdominal 
markings  (Figs.  160,  161).  The  thick  rim 
of  the  epigynum  (Fig.  157)  distinguishes 
A.  possoica  from  A.  minuta.  Argiope  pos- 
soica has  "bottle  brushes"  on  the  ends  of 
the  tibiae,  especially  on  the  fourth  legs. 

Argiope  perforata  Schenkel 
Figures  162-166;  Map  4 

Argiope  perforata  Schenkel,  1963:  135,  fig.  79,  9. 
Female  holotype  from  Lunan  fu  city  [Lung-ngan 
fu],  Szetchuan,  China  in  the  Museum  National 
d'Histoire  Naturelle,  Paris,  examined. 

Note.  The  holotype  is  in  poor  condition. 
The  illustrations  were  made  from  a  spec- 
imen from  Kwantung  Province. 

Diagnosis.  The  color  pattern  of  the  ab- 


domen (Fig.  165)  and  the  narrower  sep- 
tum in  the  epigynum  (Fig.  162)  separate 
Argiope  perforata  from  A.  anasuja. 

Record.  CHINA:  Kwantung  Prov. 
Kwantung  City,  Paiyunshan,  25  Aug. 
1978,  9  (T.  Terada,  ASEA). 

Argiope  anasuja  Thorell 
Figures  167-172,  Map  4 

Argiope  ornata: — Simon,  1885:  34.  Misidentification; 
not  A.  ornata  Blackvvall  [=Nephila  antipodiana 
(Walckenaer)]. 

Argiope  anasuja  Thorell,  1887:  162.  New  name  for 
A.  ornata: — Simon.  One  female  lectotype,  one  fe- 
male and  one  male  paralectotype,  and  juveniles, 
all  in  poor  physical  condition,  from  Kulachee,  Brit- 
ish India  [Kulachi,  Pakistan]  in  the  Museum  Na- 
tional d'Histoire  Naturelle,  Paris,  here  designated. 
Gravelv,  1921:  412,  fig.  3a,  2.  Roevver,  1942:  737. 
Bonnet,  1955:  672. 

Argiope  plagiata  Karsch,  1891:  279,  pi.  10,  fig.  5,  9. 
Three  female  syntypes  from  Minicoy  Islands,  In- 
dian Ocean  in  the  Zoologisches  Museum,  Hum- 
boldt Universitat,  Berlin,  examined.  NEW  SYN- 
ONYMY. 

Note.  The  illustrations  were  made  from 
a  specimen  from  Karnatake,  India. 

Diagnosis.  The  genitalia  of  this  small 
species  resemble  those  of  A.  minuta,  A. 
doboensis,  and  A.  perforata.  The  species, 
however,  is  larger  than  these  three.  The 
female  has  a  pair  of  anterolateral  tuber- 
cles and  transverse  bands  on  the  dorsum 
of  the  abdomen  (Fig.  170).  The  rims  of 
the  epigynum  have  a  flange  with  a  lateral 
tooth  providing  an  anterior  lip  to  the 
openings  (Fig.  167);  the  openings  are  pos- 
terior, within  the  posteriorly  extended 
septum  (Figs.  167,  168). 

The  male  has  the  embolus  strongly 
curved  distally,  and  longer  than  that  of  A. 
minuta  and  A.  doboensis.  The  median 
apophysis  has  the  filamentous  spur  at- 
tached near  the  middle  (Fig.  172). 

Distribution.  Pakistan,  India,  Sri  Lanka 
Maldives  and  Cocos-Keeling  Islands  (Map 

4). 

Records.  INDIA:  West  Rengal.  Tark- 
hola,  Kalimpong  Distr.,  325  m,  Aug.  1958, 
juv.,  9  (M.  L.  Bristol,  MCZ);  Kanchrafara 
[Kanchrapara  ?],  July  1944,  99  (M.  Cazier, 
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AMNH).  Karnatake.  Bangalore,  300  m, 
Nov.  1979,  2,  6  (W.  Eberhard,  MCZ); 
Dandeli,  530  m,  Nov.  1979,  9  (W.  Eber- 
hard, MCZ).  Tamil  Nadu.  5  km  W  Raja- 
palavam,  Ayyanar  Falls,  350  m,  Nov. 
1979,  9,  6  (W.  Eberhard,  MCZ).  Madras. 
Madras,  27  Dec.  1969,  9  (M.  Gray,  AMS); 
Sept.  1948,  9  (N.  Haarler,  ZMK);  Vellore, 
9,  6  (M.  Lowenthal,  ZMK);  Mandapam 
Camp,  3  Oct.  1951  (H.  Lemche,  ZMK). 
Maharashtra.  Bombay,  99  (HCO).  SRI 
LANKA:  "Ceylon,"  9  (Reimoser,  NMW); 
9  (Bedemann,  NMW);  Colombo,  23  Jan. 
1927,  9  (J.  G.  Myers,  MCZ);  Yala,  Oct. 
1979,  6  (W.  C.  Sedgwick,  SC);  Kagalu 
Beach  Hotel,  Galle,  Oct.  1979,  9  (W.  C. 
Sedgwick,  SC).  INDIAN  OCEAN:  Cocos- 
Keeling  Islands.  West  Isl.,  11  Nov.  1964, 
9;  June  1952,  9;  scrub  near  Tanjong  Klir- 
kil,  Mav  1952,  29,  3;  south  end  West  Isl., 
12  Nov.'  1964,  29  (all  T.  G.  Campbell,  CSI- 
RO).  MALDIVES:  Art  Atoll.  Insel  Fusdu, 
18  April  1958,  9  (Klausewitz,  SMF).  Addu 
Atoll.  23  Jan.  1958,  9  (SMF);  Wadewaru 
Isl.,  7  April  1958,  9  (S.  Gerlach,  SMF). 
Mate  Atoll.  39  (SMF).  Rastu  Atoll.  Insel 
Weligandu,  8  March  1958,  995  (Klause- 
witz, SMF). 

Argiope  halmaherensis  Strand 
Figures  173-177;  Map  4 

Argiope  halmaherensis  Strand,  1907b:  65,  pi.  171, 
fig.  4,  9.  Female  holotype  from  Halmahera  Isl., 
Moluccas,  in  the  Staatliches  Museum  fiir  Natur- 
kunde,  Stuttgart,  destroyed  in  the  last  war.  No 
specimens  in  Gorlitz.  Roewer,  1942:  738.  Bonnet, 
1955:  686. 

Argiope  mindiptanensis  Chrysanthus,  1961:  195,  figs. 
1-4,  9.  Female  holotype  from  Mindiptana,  West 
Irian  [New  Guinea]  in  the  Rijksmuseum  van  Na- 
tuurlijke  Historic,  Leiden,  examined.  NEW  SYN- 
ONYMY 

Note.  Strand  provided  three  primitive 
sketches  of  the  epigynum  which  show  the 
unusual  proportions.  Strand's  specimen 
had  three  equally  wide  yellow-white 
transverse  bands  on  the  abdomen  dorsum, 
separated  by  thin  lines,  and  was  dark 
brown  posteriorly.  While  Strand's  descrip- 
tion fits,  I  believe  his  figure  4a  to  be  on  its 


side,  figure  4b  to  be  the  epigynum  from 
posterior  view,  4c  the  epigynum  from 
ventral  view  with  the  posterior  part  of  the 
epigynum  hidden  by  the  abdomen.  The 
illustrations  (Figs.  173-177)  were  made 
from  the  holotype  of  A.  mindiptanensis. 

Diagnosis.  The  female  of  this  small 
sized  Argiope  can  be  separated  from  oth- 
ers by  the  three  pairs  of  dorsal  white 
patches  on  the  abdomen  (Fig.  176),  and 
by  the  epigynum.  The  epigynum  is  trap- 
ezoidal, longer  than  wide,  widest  ante- 
riorly (Fig.  173).  Like  A.  anasuja,  the  pos- 
terior plate  forms  a  bowl,  and  the  rim  has 
a  flange. 

Variation.  The  only  other  specimen  in 
collections  from  the  Sepic  River  had  the 
epigynum  more  square. 

Records.  PAPUA  NEW  GUINEA: 
Kaiserin  Augustafluss  E.xped.  [Sepic  Riv- 
er], July  1912,  9  (Burger,  ZMB). 

Argiope  niasensis  Strand 
Figures  178-182;  Map  4 

Gea  spinipes: — Simon,  1905:  62.  Misidentification; 
not  G.  .spinipes  (L.  Koch). 

Argiope  niasensis  Strand,  1907b:  56,  figs.  1-3,  9.  Fe- 
male holotype  from  Joenoeng-Sitoli,  Nias  Island 
(west  of  Sumatra)  in  the  Staatliches  Museum  fiir 
Naturkunde,  Stuttgart,  destroyed  during  the  last 
war.  No  specimens  in  Gorlitz  Museum.  Female 
neotype  here  designated  from  Bogor  in  the  Mu- 
seum of  Comparative  Zoology,  Harvard  Universi- 
ty- 

Note.  The  small  sketch  of  the  epigy- 
num provided  by  Strand  is  diagnostic. 
Strand's  size  fits.  However,  Strand's  spec- 
imen had  three  transverse  white  bands  on 
the  abdomen  like  A.  reinivardti  (Strand, 
1907:  fig.  3).  The  neotype  from  Bogor  was 
illustrated. 

Diagnosis.  The  abdomen  of  the  female 
is  pentagonal,  widest  posteriorly  with  small 
anterior  humps  (Fig.  181).  The  dorsal  ab- 
dominal markings  have  unfortunately 
washed  out.  The  epigynum,  unlike  others, 
has  a  large  septum,  trapezoidal  in  ventral 
view,  widest  posteriorly  (Fig.  178).  The 
rim  borders  a  short,  wide  bulge.  Poste- 
riorly the  septum  continues  into  the  pos- 
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Figures  157-161.     Arglope  possoica  Merian,  female.  157.  Epigynum,  ventral.  158.  Epigynum,  posterior.  159.  Epigynum,  lateral. 
160.  Carapace  and  abdomen.  161.  Sternum  and  abdomen. 

Figures  162-166.     Arglope  perforata  Schenkel,  female.  162.  Epigynum.  ventral.  163.  Epigynum,  postenor.  164.  Epigynum, 
lateral.  165.  Carapace  and  abdomen.  166.  Sternum  and  abdomen. 

Figures  167-172.     Arglope  anasuja  Thorell.  167-171.  Female.  167.  Epigynum,  ventral.  168.  Epigynum,  posterior.  169.  Epigy- 
num, lateral.  170.  Carapace  and  abdomen.  171.  Sternum  and  abdomen.  172.  Left  male  palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  160,  161,  165,  166,  170,  171.  1.0  mm. 
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terior  plate  which  has  nearly  parallel  sides 
(Fig.  179). 

Distribution.  Sumatra,  Java  (Map  4). 

Records.  INDONESIA:  Java.  Buiten- 
zorg  [Bogor],  1904,  9  (H.  Jenson,  ZMK);  9 
(MCZ);  Tjibodas  [Cibodas],  25-28  March 
1904,  9  (K.  Kraepehn,  ZMK). 


Argiope  takum  Chrysanthus 
Figures  183-187;  Map  4 

Argiope  takunj  Chrysanthus,  1971:  17,  figs.  23-25, 
9.  Female  holotype  from  Kamp  Wifob,  Takum, 
West  New  Guinea  [Djaya  Pura],  10  Aug.  1959  (Star 
Mts.  Expedition)  in  the  Rijksmuseum  van  Natur- 
hjke  Historie,  Leiden,  examined. 

Diagnosis.  Argiope  takum  differs  from 
other  Argiope  species  by  the  shape  of  the 
epigynum  and  the  shape  of  the  abdomen. 
The  septum  of  the  epigynum  hangs  and 
widens  posteriorly  into  a  bowl-shaped 
posterior  plate  (Figs.  183-185);  the  dor- 
sum of  the  abdomen  has  indistinct  paired 
patches  (Fig.  186),  the  venter  two  white 
exclamation  marks  (Fig.  187). 

Argiope  mascordi  new  species 
Figures  188-192;  Map  4 

Holotype.  Female  from  Mt.  Garnet,  Queensland,  25 
Feb.  1972  (N.  C.  Coleman),  #KS  101  in  the  Aus- 
tralian Museum,  Sydney.  This  species  is  named  af- 
ter Ramon  Mascord,  collector  and  author  of  books 
on  Australian  spiders. 

Description.  Carapace  yellow-brown 
with  dark  brown  marks  and  covered  by 
white  down.  Sternum  very  dark  on  sides, 
a  light  longitudinal  band  through  middle 
(Fig.  192).  Legs  contrastingly  banded, 
darker  bands  wider  than  light.  Dorsum  of 
abdomen  with  a  folium  having  jagged 
outline  (Fig.  191).  Venter  with  two  white 
lines,  black  in  between,  enclosing  paired 
white  spots  (Fig.  192).  Anterior  lateral  eyes 
0.5  diameter  from  anterior  medians.  Pos- 
terior median  eyes  1.1  diameters;  poste- 
rior laterals  subequal  to  anterior  median 
eyes.  Anterior  median  eyes  their  diameter 
apart,  1.2  from  laterals.  Posterior  median 


eyes  their  diameter  apart,  2.0  from  later- 
als. The  height  of  the  clypeus  equals  the 
diameter  of  the  anterior  median  eyes.  The 
abdomen  is  oval  with  indistinct  dorsal  an- 
terior humps.  Total  length,  9.5  mm.  Car- 
apace, 3.7  mm  long,  3.2  mm  wide.  First 
femur,  5.2  mm;  patella  and  tibia,  5.8  mm; 
metatarsus,  5.3  mm;  tarsus,  1.5  mm.  Sec- 
ond patella  and  tibia,  5.6  mm;  third,  3.2 
mm;  fourth,  5.1  mm. 

Diagnosis.  Argiope  mascordi  differs 
from  A.  keyserlingi,  A.  Caledonia,  and  A. 
kochi  by  the  oval  shape  of  the  abdomen, 
by  having  a  dorsal  folium  (Fig.  191),  and 
by  being  smaller  in  size.  The  epigynum 
in  posterior  view  is  more  pointed  ventral- 
ly  (Fig.  189)  than  the  squarish  epigynum 
of  A.  keyserlingi  or  the  round  one  of  A. 
Caledonia.  A.  mascordi  lacks  the  lateral 
lobes  on  either  side  of  the  epigynum  as 
found  in  A.  keyserlingi. 

The  palpus  illustrated  by  Fig.  193  may 
be  of  the  male  of  this  species  or  A.  kochi. 

Paratypes.  AUSTRALIA:  Queensland. 
Almaden,  March  1929,  9  (W.  D.  Camp- 
bell, AMS);  Chillagoe  Caves  area,  18  Julv 
1978,  9  (R.  Mascord,  AMS);  21  km  E 
Croydon,  150  m,  4  Nov.  1962,  9  (E.  S. 
Ross,  D.  Q.  Cavagnaro,  CAS). 

Argiope  keyserlingi  Karsch 
Figures  194-199;  Map  4 

Argiope  aether ea: — Keyserling,  1865:  803,  pi.  19,  figs. 
1,  2,  9.  Female  specimen  from  Woollongong  [New 
South  Wales],  lost.  Misidentification;  not  A.  aeth- 
erea  (Walckenaer). 

Argiope  keyserlingi  Karsch,  1878:  789.  New  name 
for  A.  aetherea. — Keyserling,  1865,  misidentifica- 
tion. 

Neotype.  Female  from  Canterbury  near  Sydney,  New 
South  Wales,  labeled  "Argiope  aetherea.  K57683, 
1  April  1928"  by  Rainbow,  in  the  Australian  Mu- 
seum, Sydney. 

Diagnosis.  The  female  differs  from  oth- 
er species,  particularly  Argiope  aetherea, 
by  the  epigynum  having  a  flat  flange  on 
the  rim,  with  a  lobe  on  each  side  poste- 
riorly (in  ventral  view)  (Fig.  194).  In  pos- 
terior view  the  epigynum  shows  the  wide, 
flat  flange  and  a  nearly  circular  opening 
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Figures  173-177.     Argiope  halmaherensis  Strand,  female.  173.  Epigynum,  ventral.  174.  Epigynum,  posterior.  175.  Epigynum, 
lateral.  176.  Carapace  and  abdomen.  177.  Sternum  and  abdomen. 

Figures  178-182.    Argiope  niasensis  Strand,  female.  178.  Epigynum,  ventral.  179.  Epigynum,  posterior.  180.  Epigynum,  lateral. 
181   Carapace  and  abdomen.  182.  Sternum  and  abdomen. 

Figures  183-187.     Argiope  takum  Chrysantfius,  female.  183.  Epigynum,  ventral.  184.  Epigynum,  posterior.  185.  Epigynum, 
lateral.  186.  Carapace  and  abdomen.  187.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  176,  177,  181,  182,  186,  187,  1.0  mm. 


quite  far  dorsally  (Fig.   195).  The  abdo-     the  tip  has  a  neck  and  a  distal  expansion, 
men  is  more  rounded  than  the  pentagonal     The  median  apophysis  has  the  spur  orig- 


one  of  A.  aetherea  (Figs.  197,  198). 

The  male  differs  from  A.  aetherea  by 
the  much  smaller  embolus:  the  base  of  the 
embolus  has  a  prong  with  parallel  sides; 


inating  from  near  its  bend  (Fig.  199). 

Variation.  Females  vary  9  to  16  mm 
total  length. 

Natural  History.  The  onlyTecord  with 
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natural  history  data  is  one  female  from 
Careel  Bay,  New  South  Wales,  from  a  salt 
marsh.  Most  illustrations  of  the  St.  An- 
drew's spider  seem  to  be  this  species 
(Clvne,  1969:  figs.  153-159;  Mascord, 
1970:  fig.  132). 

Distribution.  Queensland,  New  South 
Wales  coast,  Lord  Howe  Island  (Map  4). 

Paratopes.  AUSTRALIA:  Queensland. 
Atherton,  3$  (NRS);  Brisbane,  9  (NMW), 
29  (HCO);  East  Brisbane,  1  June  1911,  9 
(H.  Buch,  ZMK);  Rockhampton,  99  (HCO); 
Molangool,  9  (AMS).  New  South  Wales. 
Wvangarie,  93  (AMS);  Mascot,  24  Nov. 
1966,  6  (AMS);  North  Ryde,  22  Nov.  1966, 
S  (D.  A.  Doolan,  AMS);  Regent's  Park,  26 
April  1978,  9  (AMS);  Currawong,  2  Oct. 
1966,  9  (R.  Mascord,  AMS);  12  March 
1966,  9  (AMS);  Roseville,  3  Nov.  1929,  9 
(F.  W.  Rodda,  AMS);  Careel  Bay,  4  Dec. 
1972,  9  in  salt  marsh  (D.  Wilson,  AMS); 
Darlinghurst,  19  Dec.  1973,  9  (R.  Banue- 
los,  AMS);  Sydney,  9  (AMS);  Tamworth,  9 
(AMS);  The  Basin,  12  March  1966,  9 
(AMS);  Elanora,  near  Narrabeen,  100  m, 
3  Dec.  1962,  9<3  (E.  S.  Ross,  D.  G.  Cavag- 
naro,  CAS);  Sylvania,  20  Dec.  1962,  9  (E. 
S.  Ross,  D.  G.  Cavagnaro,  CAS);  S  of  Ar- 
oca  Beach,  Bouddi  National  Park,  9  Jan. 
1978,  9  (E.  I.  Schlinger,  EMB);  Svdnev, 
1884  (NMW).  Lord  Howe  Island.  9966, 
Feb.  1971  (AMS). 

Argiope  kochi  new  species 
Figures  200-204;  Map  4 

Argiope  acmiila: — Mascord,  1980,  pi.  24,  fig.  2  (pho- 
tograph). Misidentifieation;  not  A.  aemula  (Walck- 
enaer). 

Hototype.  Female  from  Edmonton,  northern 
Queensland,  1.3  June  1969  (N.  C.  Coleman),  KS 
6193  in  the  Australian  Museum,  Sydney.  The 
species  is  named  after  Ludwig  Koch,  who  de- 
scribed many  Cea  and  Argiope  species  from  Aus- 
tralia 100  years  ago. 

Description.  Carapace  beige,  covered 
by  white  down.  Sternum  with  sides  dark, 
median  area  light  (Fig.  204).  Legs  brown, 
not  banded;  some  darker  patches  on  un- 
derside. Dorsum  of  abdomen  white  with 
thin  black  transverse  lines;  posterior  black, 
reticulated   (Fig.   203).    Venter  strikingly 


marked  with  black  and  white  bands  of 
equal  width  (Fig.  204).  Anterior  lateral 
eyes  0.5  diameter  of  anterior  medians. 
Posterior  median  eyes  1.2  diameters,  pos- 
terior lateral  eyes  1.2  diameters  of  ante- 
rior medians.  Anterior  median  eyes  1.2  di- 
ameters apart,  two  from  laterals.  Posterior 
median  eyes  1.5  diameters  apart,  three 
from  laterals.  The  shape  of  the  abdomen 
is  pentagonal.  Total  length,  8.2  mm.  Car- 
apace, 3.7  mm  long,  3.3  mm  wide.  First 
femur,  5.2  mm;  patella  and  tibia,  5.6  mm; 
metatarsus,  5.0  mm;  tarsus,  1.4  mm.  Sec- 
ond patella  and  tibia,  5.4  mm;  third,  3.0 
mm;  fourth,  4.6  mm. 

Diagnosis.  This  species  differs  from 
other  Australian  Argiope  species  by  the 
contrasting  ventral  abdominal  markings 
(Fig.  204).  The  epigynum  has  a  wide 
flange  posterior  to  the  rim  and  a  slit-like 
opening  (Figs.  200,  201). 

The  palp  illustrated  by  Fig.  193  may 
belong  to  a  male  of  this  species  or  A.  mas- 
cord i. 

Records.  AUSTRALIA:  Queensland. 
Cape  York  Peninsula,  Sept.,  9  (E.  Mjo- 
berg,  NRS). 

Argiope  minuta  Karsch 
Figures  205-210;  Map  4 

Argiope  niintifa  Karsch,  1879:  67.  Juvenile  speci- 
mens from  Japan  in  the  Zoologisches  Musermi, 
Humboldt  Universitiit,  Berlin,  examined.  Bosen- 
berg  and  Strand,  1906:  194,  pi.  1,  fig.  16,  pi.  11, 
figs.  218,  222,  9,  <3.  Roewer,  1942:  736.  Bonnet, 
1955:  69.  Yaginuma,  1960:  145,  pi.  25,  fig,  145,  9. 
Song,  1980:  99,  fig.  45,  9. 

Coganargiope  (  Micrargiope)  niiiuita:  —  Kishida, 
1936:  19. 

?  Argiope  shillongensis  Sinha,  1951:  75,  fig.  1,  9. 
Female  holotype  from  Shillong,  Assam,  India  in 
the  Zoological  Survey  of  India  collection,  unavail- 
able. DOl'BTFUL  NEW  SYNONYMY. 

Note.  The  illustrations  were  made  from 
specimens  from  Checkiang  Prov.,  China. 
The  illustration  of  Sinha's  A.  shillongensis 
appears  to  be  that  of  A.  minuta.  If  it  is, 
it  would  extend  the  range  of  the  species 
to  Assam. 

Diagnosis.  The  female  of  this  small 
species    has    two    transverse,    wide    dark 
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Figures  188-192.     Argiope  mascordin.  sp.,  female.  188.  Epigynum,  ventral.  189.  Epigynum,  posterior.  190.  Epigynum,  lateral. 
191.  Carapace  and  abdomen.  192.  Sternum  and  abdomen. 
Figure  193.     Argiope  mascordi  n.  sp.  or  A.  kochi  n.  sp.,  left  male  palpus,  mesal. 

Figures  194-199.     Argiope  keyserlingi  Karsch.  194-198.  Female.  194.  Epigynum,  ventral.  195.  Epigynum,  posterior.  196.  Epig- 
ynum, lateral.  197.  Carapace  and  abdomen.  198.  Sternum  and  abdomen.  199.  Left  male  palpus,  mesal. 
Figures  200-204.     Argiope  kochi  n.  sp.,  female.  200.  Epigynum,  ventral.  201.  Epigynum,  posterior.  202.  Epigynum,  lateral.  203. 
Carapace  and  abdomen.  204.  Sternum  and  abdomen. 
Scale  lines.  0.1  mm,  except  Figures  191,  192,  197,  198,  203,  204,  1.0  mm. 
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bands  across  the  dorsum  of  the  abdomen, 
each  enclosing  some  white  spots  (Fig.  208). 
Anteriorly  the  abdomen  has  small  anterior 
lateral  humps.  The  rim  of  the  anterior 
bulge  of  the  epigynum  has  a  flange  which 
encloses  the  openings  (Figs.  205,  206).  Un- 
like A.  anasuja,  the  septum  is  narrow  and 
widens  posteriorly  into  a  transverse  pos- 
terior plate  (Fig.  206). 

The  median  apophysis  has  its  inside 
branch  hanging  "down";  the  conductor  is 
partially  wrapped  around  the  tip  of  the 
embolus  (Fig.  210). 

Distribution.  Japan,  China  (Map  4). 

Records.  JAPAN:  Hyogo  Pref.  Siyod- 
enyama,  Setsu,  Sept.  1895,  9  (T.  Lenz, 
ZMH).  Wakayarna  Pref.,  Hatakejima 
[Hatake-Yama  Mt.],  Shirahama,  31  Oct. 
1973,  9  (W.  C.  Sedgwick,  SC);  Mie  Pref., 
23  Oct.  1951,  99  (AMNH).  Osaka  Pref. 
Osaka,  Tennoji,  Aug.  1895,  9  (T.  Lenz, 
ZMH);  Osaka,  18  Aug.  1956,  6  (T.  Yagin- 
uam,  MCZ).  Nara  Pref.  Yoshino,  29  Aug. 
1976,  9  (T.  Yaginuma,  MCZ).  SOUTH 
KOREA:  Mt.  Chiri  [Chi-San],  8  Aug.  1959, 
9  (K.  Paik,  AMNH).  TAIWAN:  Tai  Pei, 
Aug.  1957,  9  (Wang,  AMNH).  CHINA: 
Chekiang  Prov.,  Mokanshan  [Mo-Kan  Shan 
Mt.],  N  Gist  Gee  of  Soochow,  95  (Song, 
1980)  (MCZ).  HONG  KONG:  Peak,  22 
Sept.  1931,  9  (R.  Sherriffs,  ZMK). 

Argiope  katherina  new  species 
Figures  211-216;  Map  4 

Holotype.  Female  and  juvenile  and  male  paratypes 
from  Katherine  Gorge,  Northern  Territory,  Aus- 
tralia, Dec.  1980  (R.  R.  Jackson),  in  the  Queens- 
land Museum,  Brisbane,  no.  S904.  The  specific 
name  is  a  noun  in  apposition  after  the  type  local- 
ity. 

Description.  Carapace  dark  brown,  light 
around  edge  and  thinly  covered  with 
white  down.  Sternum  black  with  a  medi- 
an longitudinal  mark  (Fig.  215).  Coxae 
black,  each  with  a  small  white  spot.  Palpi 
white.  Legs  dark  brown;  distal  end  of  tib- 
iae and  metatarsi  black;  tarsi  black.  Dor- 
sum of  abdomen  with  diagnostic  reticu- 
late pattern  (Fig.  214).  Venter  black  with 


slender  white  marks  (Fig.  215).  Secondary 
eyes  subequal  in  size  to  anterior  median 
eyes  except  for  anterior  laterals,  0.7  di- 
ameter of  anterior  medians.  Anterior  me- 
dian eyes  about  their  diameter  apart.  Pos- 
terior median  eyes  about  their  diameter 
apart,  1.5  from  laterals.  The  abdomen  is 
oval  in  outline.  Total  length,  14.5  mm. 
Carapace,  5.0  mm  long,  4.2  mm  wide. 
First  femur,  7.4  mm;  patella  and  tibia,  8.2 
mm;  metatarsus,  7.6  mm;  tarsus,  1.9  mm. 
Second  patella  and  tibia,  8.0  mm;  third, 
4.6  mm;  fourth,  7.7  mm. 

Male.  Carapace  light  olive-brown,  dark 
on  sides.  Sternum  black  with  median  light 
and  posterior  median  white  mark.  Coxae 
yellow-white.  Legs  with  distal  articles 
banded.  Proximal  ones  yellow-white.  Dor- 
sum of  abdomen  with  a  black  folium  hav- 
ing jagged  outline;  lighter  on  sides  of  fo- 
lium. Venter  black  with  two  paraxial  light 
lines.  Posterior  median  eyes  1.2  diameters 
of  anterior  medians;  anterior  laterals  0.5 
diameter;  posterior  laterals  1.2  diameters 
of  anterior  medians.  Anterior  median  eyes 
1.5  diameters  apart,  0.8  from  laterals.  Pos- 
terior median  eyes  1.7  diameters  apart, 
1.8  from  laterals.  The  abdomen  is  oval, 
dorsoventrally  flattened.  Total  length,  3.6 
mm.  Carapace,  2.2  mm  long,  2.0  mm 
wide.  First  femur,  2.6  mm;  patella  and 
tibia,  2.8  mm;  metatarsus,  2.7  mm;  tarsus, 
1.2  mm.  Second  patella  and  tibia,  2.7  mm; 
third,  1.4  mm;  fourth,  2.2  mm. 

Diagnosis.  The  species  is  similar  to  Ar- 
giope minuta  Karsch  from  Japan  and  A. 
dietrichae.  The  female  differs  by  the  very 
distinct  abdominal  pattern  (Fig.  214)  and 
the  wider  septum  in  the  epigynum  (Fig. 
211).  The  male  has  a  much  heavier  em- 
bolus and  the  median  apophysis  a  shorter 
inside  prong  (Fig.  216). 

Note.  The  epigynum  of  the  holotype 
had  one  embolus  tip  stuck  to  it  on  the  left 
side  (Fig.  211)  and  had  two  on  the  right 
side  (which  were  removed). 

Natural  History.  The  spiders  were  in 
webs  at  the  mouth  of  sandstone  caves  on 
the  walls  of  the  Katherine  Gorge,  10  to 
100  m  from  Katherine  River,  in  precipi- 
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Figures  205-210.     Argiope  minuta  Karsch.  205-209.  Female.  205.  Epigynum,  ventral.  206.  Epigynum,  posterior.  207.  Epigy- 
num,  lateral.  208.  Carapace  and  abdomen.  209.  Sternum  and  abdomen.  210.  Left  male  palpus,  mesal. 

Figures  211-216.     Argiope  katherlna  n.  sp.  211-215.  Female.  211.  Epigynum,  ventral.  212.  Epigynum,  posterior.  213.  Epigy- 
num, lateral.  214.  Carapace  and  abdomen.  215.  Sternum  and  abdomen.  216.  Left  male  palpus,  mesal. 

Figures  217-221 .     Argiope  Caledonia  n.  sp.,  female.  217.  Epigynum,  ventral.  218.  Epigynum,  posterior.  219.  Epigynum,  lateral. 
220.  Carapace  and  abdomen.  221.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  208,  209,  214,  215,  220,  221,  1.0  mm. 
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tous  terrain.  Vegetation  was  sparse,  Pan- 
danus  the  dominant  tree.  The  canopy  was 
open,  but  the  caves  provided  protection 
from  sunhght;  temperature  was  about 
37°C,  humidity  90%  (the  rainy  season  was 
just  starting)  (R.  R.  Jackson,  correspon- 
dence). 

Records.  AUSTRALIA:  Northern  Ter- 
ritory. Pine  Creek,  15  Oct.  1975,  9  (P. 
Whelan,  AMS). 

Argiope  Caledonia  new  species 
Figures  217-221;  Map  4 

Holotype.  Female  from  7  mi  [11  km]  SE  of  La  Foa, 
New  Caledonia,  16-22  April  1945  (C.  L,  Reming- 
ton) in  the  American  Museum  of  Natural  History. 
The  specific  name  is  a  noun  in  apposition  after  the 
t\pe  locality. 

Description.  Female  from  Mt.  Koghi, 
Noumea,  New  Caledonia.  Carapace  dark 
brown,  middle  lighter,  covered  by  white 
down.  Sternum  with  a  median  light  band 
and  lighter  spots  on  sides  facing  coxae  (Fig. 
221).  Palpi  yellow-white.  Legs  black  with 
a  light  narrow  ring  around  pro.ximal  part 
of  tibiae  and  metatarsi.  Dorsum  of  abdo- 
men with  black  transverse  bands  (Fig. 
220).  Venter  with  a  black  band  framed  by 
two  white  longitudinal  stripes  (Fig.  221). 
Anterior  lateral  eyes  0.5  diameter  of  an- 
terior medians.  Posterior  medians  and 
posterior  lateral  eyes  subequal  to  anterior 
medians.  Anterior  median  eyes  their  di- 
ameter apart,  1.5  from  laterals.  Posterior 
median  eyes  1.5  diameters  apart,  2  from 
laterals.  The  abdomen  is  oval,  truncate 
anteriorly,  with  small  anterior  lateral 
humps.  Total  length,  12.5  mm.  Carapace, 
5.2  mm  long,  4.5  mm  wide.  First  femur, 
7.9  mm;  patella  and  tibia,  8.6  mm;  meta- 
tarsus, 8.0  mm;  tarsus,  2.0  mm.  Second 
patella  and  tibia,  8.5  mm;  third,  4.3  mm; 
fourth,  7.6  mm. 

Diagnosis.  The  abdomen  differs  from 
tliat  of  A.  keyserlingi  by  lacking  lobes  on 
liie  sides  of  the  posterior  half  of  the  ab- 
domen (Figs.  220,  221).  The  depressions 
of  the  epigynum  are  much  deeper  than 
those  of  A.   keyserlingi,  and  the  lateral 


margin  is  curved  convexly  (Figs.  217,  218). 
In  posterior  view  the  posterior  plate  on 
each  side  disappears  into  a  round  opening; 
the  opening  is  not  bordered  posteriorly 
(Fig.  218). 

Distribution.  New  Caledonia,  New 
Hebrides  (Map  4). 

Paratypes.  NEW  CALEDONIA:  Mt. 
Koghi,  400  m,  12  March  1978,  9  (E.  I. 
Schlinger,  EMB);  22  km  E  Bourall,  460- 
600  m,  6  March  1978,  29  (E.  I.  Schlinger, 
EMB). 

Records.  NEW  CALEDONIA.  11  km 
SE  La  Foa,  Feb.-April  1945,  29  (C.  L. 
Remington,  AMNH);  Mt.  Koghi,  400  to 
500  m,  Feb.  1973,  9  (N.  L.  H.  Krauss, 
AMNH);  Noumea,  Mt.  Koghi,  5  Julv  1970, 
9  (T.  W.  Davies,  CAS).  NEW  HEBRIDES: 
Anietyum,  Aug.  1937,  9  (L.  Macmillan, 
AMNH);  Espiritu  Santo,  1943-1944,  39  (J. 
S.  Haeger,  AMNH);  Erromanga  Isl., 
March-April  1937,  29  (L.  Macmillan, 
AMNH). 

Argiope  taprobanica  Thorell 
Figures  222-226;  Map  5 

Argiope  taprobanica  Thorell,  1887:  164.  Female  lec- 
totype  and  juvenile  paralectotype  here  designated 
from  Taproba!ie  [Island],  Ce\  Ion  [Sri  Lanka]  in  the 
Naturhistoriska  Riksmuseet,  Stockholm.  Roewer, 
1942:  739. 

Note.  According  to  Thorell  (1887),  the 
original  specimens  came  from  the  O.  P. — 
Cambridge  collection.  In  the  Cambridge 
collections  in  Oxford  are  two  females  from 
Ceylon  marked  A.  taprobanica.  But  these 
are  in  fact  A.  pulchella  and  not  the  same 
species  as  the  specimens  in  the  Thorell 
collection  in  Stockholm.  The  female  of  the 
two  Stockholm  specimens  is  now  labeled 
lectotype.  There  are  no  specimens  with 
the  name  A.  taprobanica  in  the  Thorell 
collection  in  Genova,  Italy. 

Diagnosis.  This  species  is  probably  close 
to  A.  liizona  and  perhaps  A.  pulchella, 
but  the  epigynimi  has  a  much  wider  sep- 
tum and  continues  posteriorly  into  a  w  id- 
er  posterior  plate  (Figs.  222,  223).  The 
depression  faces  more  ventrally;  the  rims 
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Figures  222-226.     Arigope  taprobanica  Thorell,  female.  222.  Epigynum,  ventral.  223.  Epigynum,  posterior.  224.  Epigynum, 
lateral.  225.  Carapace  and  abdomen.  226.  Sternum  and  abdomen. 

Figures  227-232.     Argiope  luzona  (Walckenaer).  227-231 .  Female.  227.  Epigynum,  ventral.  228.  Epigynum,  posterior.  229. 
Epigynum,  lateral.  230.  Carapace  and  abdomen.  231.  Sternum  and  abdomen.  232.  Left  male  palpus,  mesal. 

Figures  233-237.     Argiope  Intricata  Simon,  female.  233.  Epigynum,  ventral.  234.  Epigynum,  posterior.  235.  Epigynum,  lateral. 
236.  Carapace  and  abdomen.  237.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  225,  226,  230,  231,  236,  237,  1.0  mm. 
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curve  posteriorly  and  are  strongly  sclero- 
tized,  forming  the  lateral  margin  of  the 
depression.  The  rims  appear  polished 
(Figs.  222,  223).  The  embolus  tip  found 
in  the  epigynum  (right  depression,  on  left 
of  Fig.  222)  is  a  large  bow  resembling  that 
of  A.  luzona. 


Argiope  luzona  (Walckenaer) 
Figures  227-232;  Map  5 

Epeira  luzona  Walckenaer,  1841:  109.  Female  spec- 
imens from  Luzon,  Philippine  Islands,  lost. 

Argiope  luzona: — Simon,  1877:  74.  Roewer,  1942: 
738.  Bonnet,  195.5:  690. 

Note.  Walckenaer  described  the  broad 
black  and  silver  transverse  bands  of  the 
dorsum  of  the  abdomen.  The  male  and 
female  have  not  been  collected  together, 
but  are  believed  to  belong  together. 

Diagnosis.  The  female  of  this  large 
species  has  a  pentagonal  abdomen,  the 
posterior  lobed  on  the  sides,  and  with 
broad  black  and  silver  transverse  bands  on 
the  dorsum  (Fig.  230).  Unlike  similar 
species  and  A.  intricata,  the  septum  an- 
teriorly partly  overlaps  and  bridges  the 
rim,  and  the  rim  appears  twisted  (Fig. 
227);  the  septum  broadens  posteriorly  into 
a  short  posterior  plate  (Fig.  228).  The  con- 
tinuation of  the  posterior  plate  dorsally  fills 
the  depression  almost  completely;  the 
openings  are  anterior,  lateral  in  the 
depression  and  only  visible  if  the  epigy- 
num is  viewed  partly  from  the  side. 

The  male  differs  from  others  by  the  tip 
of  the  conductor  forming  a  basket  con- 
taining the  embolus  tip,  and  by  the  rela- 
tively long  median  apophysis  (Fig.  232). 

Distribution.  This  species  is  only  found 
on  the  northern  islands  of  the  Philippines 
(Map  5). 

Records.  PHILIPPINES:  Luzon.  Mt. 
Makiling  [?  Mt.  Makelkelan],  99  (Baker, 
SMF);  Columba,  Laguna  Prov.,  1  Sept. 
1945,  9  (S.  G.  Jewett,  Jr.,  AMNH);  Pasay 
City,  Rizal  Prov.,  9  (S.  Wonechek,  MCZ); 
Alabang,  Rizal  Prov.,  20  Jan.  1957,  9 
(AMNH);  Lucena,  Tayabas  Prov.,  7  Oct. 


1945,  9  (B.  Malkin,  AMNH);  Alabang,  Ri- 
zal Prov.,  20-30  July  1945,  9  (W.  Spector, 
AMNH);  Los  Bafios,  Laguna  Prov.,  16 
Dec.  1945,  S  (B.  Malkin,  AMNH).  Cali- 
coan  Island.  9  (F.  F.  Bibby,  AMNH). 

Argiope  intricata  Simon 
Figures  233-237;  Map  5 

Argiope  intricata  Simon,  1877:  75.  Original  speci- 
mens from  Malamoy  [?  Malamaui  Isl.]  and  Basilan 
Isl.,  Philippines  in  the  Museum  National  d'Histoire 
Naturelle,  Paris,  lost.  Roewer,  1942:  738.  Bonnet, 
1955:  687. 

Note.  Apparently  at  a  later  date  Simon 
considered  A.  intricata  and  A.  luzona  the 
same,  as  there  is  a  vial  in  the  Museum 
National  d'Histoire  Naturelle,  Paris 
marked  "A.  luzona  W.  {=intricata  E.  S.) 
Manila  det.  Simon  no.  9891"  containing 
specimens  of  both. 

Diagnosis.  Argiope  intricata  is  medium 
sized,  smaller  than  A.  luzona;  the  trans- 
verse bands  on  the  dorsum  of  the  abdo- 
men have  a  jagged  edge  (Fig.  236).  The 
opening  of  the  epigynum,  unlike  that  of 
A.  luzona,  can  be  seen  surrounded  by 
strongly  curved  lips  on  each  side  of  the 
posterior  plate  in  the  middle  of  the 
depression  (Fig.  236). 

Distribution.  Mindanao  and  Basilan  Is- 
lands, Philippines  (Map  5). 

Records.  PHILIPPINES:  Mindanao. 
Mother  Lode  Mines,  Surigao,  17  May 
1950,  9  (J.  Bergseng,  MCZ);  Agusan  River, 
Bunawan,  29  (Baker,  AMNH). 

Argiope  pulchella  Thorell 
Figures  238-250;  Map  5 

Argiope  pulchella  Thorell,  1881:  74.  Females  re- 
ported from  Celebes  and  near  Tcibodas,  Java  [Ci- 
bodas,  near  Bogor].  Female  syntypes  [?]  from 
"Mulmein"  [Moulmein,  Burma]  in  the  Museo  Civ- 
ico  di  Storia  Naturale,  Genova,  examined.  Roewer, 
1942:  738.  Bonnet,  1955:  693. 

Argiope  undulata  Thorell,  1887:  154.  Female  holo- 
type  from  Schwego  Mayo  [Schwegu,  near  Bhamo], 
Burma  in  the  Museo  Civico  di  Storia  Naturale, 
Genova,  examined.  Roewer,  1942:  739.  NEW 
SYNONYMY. 
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Note.  Bonnet  (1955:  690)  lists  tiiidiilata 
as  a  synonym  of  A.  hizona.  This  is  a  mis- 
take. Figures  238-240  were  made  from 
the  s\ntype  of  A.  pulcJwlla;  Figures  241- 

243,  246,  247  from  the  s\  ntypes  of  A.  un- 
dulata\  Figures  244,  245  from  a  specimen 
from  Singapore  and  the  male  from  Nepal 
(Figs.  248,  249). 

Diagnosis.  This  species  has  an  abdomen 
shape  and  coloration  similar  to  A.  versi- 
color but  is  much  more  variable  in  size, 
usually  larger.  Females  vary  in  total  length 
from  11.5  to  18.0  mm,  carapace  length, 
4.0  to  6.1  mm;  from  Nepal,  total  length 
10.7  mm,  carapace  length  3.9  mm.  The 
epigynum  has  a  smaller  anterior  bulge 
with  a  thicker  V-  or  U-shaped  rim  (Figs. 

244,  245)  than  A.  versicolor,  and  the 
depressions  face  posterolaterally.  In  pos- 
terior view  the  epigynum  is  not  as  wide 
(Figs.  239,  242)  as  that  of  A.  versicolor. 
Within  the  depression  of  mated  females 
can  be  seen  the  torn-off  duct  from  a  male 
palpus  (Fig.  239);  usually  only  the  very 
tip  of  the  embolus  (Fig.  250)  becomes 
embedded  in  the  opening  (unlike  A.  ver- 
sicolor, where  a  larger  piece  breaks  off). 
Only  rarely  is  a  longer  piece  present;  if  it 
is,  the  pendant  is  as  long  as  the  tip,  as  in 
some  Sumatra  specimens.  The  internal 
genitalia  of  only  a  single  female  from  Pa- 
dang,  Sumatra  were  examined  and  the 
seminal  receptacles  were  found  to  be 
longer  and  narrower  than  those  of  A.  ver- 
sicolor. 

The  male  palpus  differs  from  that  of  A. 
versicolor  by  having  the  pendant  longer 
than  the  embolus  tip,  having  the  duct  near 
the  tip  of  the  embolus  proximally  ap- 
proaching the  margin  of  the  embolus,  and 
having  the  median  apophysis  longer  in 
ventral  view  (Fig.  248). 

Distribution.  Thailand,  India  to  Java 
(Map  5). 

Records.  CHINA:  Kiangsi  Prov.  Hong 
San,  16  July  1936,  9  (L.  Gressitt,  MCZ). 
THAILAND:  Fang  Hortic.  Exp.  Sta., 
Chieng  Mai  Prov.,  19  Oct.  1981,  9  (ZMK); 
Doi  Inthanon  Nat.  Park,  Chieng  Mai  Prov., 
14  Oct.  1981,  9  (ZMK);  Chieng  Mai,  9  (L. 


Abra,  AMS);  Doi  Suthep,  Chieng  Mai 
Prov.,  800  m,  14  May  1958,  S  (B.  Degen- 
bial,  ZMK);  Choomporn  [Chumphon],  15- 
20  Nov.  1957,  9  (N.  Meinkoth,  MCZ). 
CAMBODIA:  Stonkeve  [Stoeng  Kev],  1961, 
29  (P.  Skafte,  ZMK).  BURMA:  Pegu,  39 
(C.  H.  Carpenter,  MCZ);  Myitkyina,  1945, 
9  (D.  N.  Marks,  AMNH);  Mt.  Popa,  49 
(SMF).  SINGAPORE:  9  (H.  N.  Ridley, 
BMNH);  Kalaw,  11  Nov.  1978,  29  (E.  S. 
Ross,  CAS).  NEPAL:  Tanhu  Distr.,  Mar- 
syandi,  400-500  m,  Dumre-Turture,  7 
April  1980,  39,  33  (J.  Martens,  Ausobsky, 
JMC);  Kathmandu  Valley,  western  part, 
1300-1400  m,  17  Sept.  1964,  9  (J.  Martens, 
JMC);  1956-1958,  9  (MCZ).  INDIA:  As- 
sam. 13  km  N  of  Silchar  [?  Sikar],  1-5 
April  1969,  9  (H.  Hill,  MCZ).  ''North  In- 
dia." Kooloo  Valley  [Kulu],  Himalaya, 
1871,  9  (M.  Carlton,  MCZ).  Dargiling 
[Darjeeling].  9  (E.  Reimoser,  MCZ);  9 
(Gravely,  NMW).  Bengal.  Calcutta,  1906- 
1907,  house,  9  (T.  Barbour,  MCZ).  SRI 
LANKA:  29  (HCO),  9  (NMW).  INDO- 
NESIA: Sumatra.  Deli  [Labuhandeli],  9 
(BMNH),  24  April  1894,  9  (W.  Burchard, 
ZMH);  Pulau  Sertung  [Verlaten  Eiland], 
Dec.  1919,  9  (Damm,  AMNH);  Medan,  9 
(E.  Mjoberg,  NRS);  Kota  Tajne  [?  Kota- 
tinggi],  9  (E.  Mjoberg,  NRS);  Padang,  99 
(SMF);  Fort  de  Kock  [Bukittinggi],  900  m, 
1924,  99  (E.  Jacobson,  SMF). 


Argiope  versicolor  (Doleschall) 
Figures  3,  4,  251-262;  Map  5 

Epeira  versicolor  Doleschall,  1859:  31,  pi.  9,  fig.  10, 
9.  Name  given  to  illustration  of  specimens  from 
Java.  Two  original  Java  specimens  now  labeled 
syntypes  in  the  Rijksmuseum  van  Natuurlijke  His- 
toric, Leiden,  examined.  Roewer,  1942:  739.  Bon- 
net, 1955:  698. 

Argiope  succincta  L.  Koch,  1871:  35.  Female  holo- 
type  from  Borneo,  lost;  not  in  Zoologisches  Mu- 
seum, Universitat  Hamburg  nor  in  British  Mu- 
seum. 

Note.  The  type  of  A.  succincta  is  lost. 
There  is  no  doubt  on  the  synonymy,  since 
Koch  described  the  diagnostic  swollen  an- 
terior bulge  of  the  epigynum;  also,  the 
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species  is  common  in  Borneo.  Figures  254- 
258,  261,  262  were  made  from  a  female 
from  Siberit,  Sumatra;  Figures  251-253 
from  Kepong,  Selangor,  Malaysia.  The 
male  Figures  259,  260  were  made  from  a 
specimen  from  Kuala  Lumpur,  Malaysia. 

Diagnosis.  This  species  has  the  abdo- 
men shape  and  epigynum  similar  to  that 
of  A.  pulchella.  All  specimens  are  medi- 
um sized,  none  large.  Total  length  of  fe- 
males, 8.6  to  12.0  mm;  carapace  length, 
3.5  to  4.4  mm.  Argiope  ptilchella  may  be 
much  larger,  but  also  sometimes  is  small- 
er. The  epigynum  in  A.  versicolor  has  a 
larger  anterior  bulge,  the  rim  is  thin  and 
almost  straight  (Figs.  251,  254);  in  A.  pul- 
chella the  thick  rim  describes  a  U-shape, 
and  the  depressions  face  posterolaterally. 
In  posterior  view  the  epigynum  is  wider 
in  proportion  (Figs.  252,  255)  than  that  of 
A.  pulchella.  The  broken-off  parts  of  the 
palpal  embolus  in  A.  versicolor  are  large 
(Figs.  261,  262)  and  fit  snugly  inside  the 
margins  of  the  depression.  They  only  be- 
come apparent  as  a  separate  structure  if 
pushed  in.  Only  the  very  tip  is  found  in 
the  epigynum  of  A.  pulchella,  and  a  torn- 
off  duct  hangs  inside  the  depression.  The 
internal  genitalia  of  only  one  female  from 
Panang,  Malaysia  were  examined;  the 
seminal  receptacles  were  found  wider  and 
shorter  than  those  of  A.  pulchella. 

The  embolus  of  the  palpus  lacks  the 
dorsal  kink  of  the  A.  aetherea  group.  An 
embolus  tip  from  Java  had  the  distal 
curved  part  above  the  duct  (but  not  the 
pendant)  more  sclerotized  and  more  dis- 
tinct, similar  to  the  tips  found  in  A.  pul- 
chella epigyna.  The  palpus  (Fig.  259)  dif- 
fers from  that  of  A.  pulchella  in  having 
the  pendant  shorter  than  the  embolus,  the 
duct   almost   through   the   middle  of   the 


embolus,  and  the  median  apophysis  short- 
er in  ventral  view. 

Distribution.  Malaysia,  Borneo,  Suma- 
tra, Java  (Map  5). 

Records.  MALAYSIA:  Malay  Peninsu- 
la. Kedah  Peak,  1000-1200  m,  28  April 
1962  (E.  S.  Ross,  CAS);  24  km  N  Kuala 
Lumpur,  March  1949,  2  (R.  Traub, 
AMNH),  bldgs.,  30  April  1980,  9<3  (J.  A. 
Beatty,  BC);  Kepong,  Sept.  1979,  25  (P. 
Hillyard,  BMNH);  between  Kuala  Lum- 
pur and  Eraser's  Hill,  14  Feb.  1974,  96  (W. 
C.  Sedgwick,  MCZ);  Eraser's  Hill,  5  Feb. 
1973,  2,  8  April  1976,  2  (W.  C.  Sedgwick, 
SC);  Genting,  18-22  Aug.  1979,  2,  S  (F.  & 
J.  Murphv,  MC).  Sarawak.  Ng.  Ngungun, 
Sg.  Ngemah,  24  Nov.  1974,  S  (CNC);  Sa- 
dong,  Dec,  2  (Smith,  MCZ);  Feb.  1976,  2 
(E.  W.  Classey,  MC);  Gunong,  Mulu  Natl. 
Park,  May  1978,  2  (E.  Wanless,  BMNH). 
Sabah.  Gaya  Island,  26  Jan.  1976,  2  (E. 
W.  Classev,  MC);  Porung  [?  Poring],  900 
m,  19  Jan'  1976,  2  (E.  W.  Classev,  MC); 
550  m,  22  Jan.  1976,  2  (E.  W.  Classey, 
MC);  Ulu  Dusun,  Sandakan,  29-31  Jan. 
1976,  22  (E.  W.  Classev,  MC).  SINGA- 
PORE: 2  (H.  N.  Ridley,  BMNH).  INDO- 
NESIA: Sumatra,  between  Kotabaroe 
[Kotabaru]  and  Pajacombe  [Pajakumbuh], 
June  1937,  2  (C.  T.  Brues,  MCZ);  Fort  de 
Kock  [Bukittinggi],  1926,  52  (Jacobson, 
NMW),  roadside  farm,  14  Julv  1981,  72 
(W.  C.  Sedgwick,  SC);  Harau  Kloof,  23 
April  1929,  2  (S.  A.  R.  Prince  Leopold, 
IRSN);  Panti,  26  April  1929,  2  (S.  A.  R. 
Prince  Leopold,  IRSN);  Pulau  Sertung 
[Verlaten  Eiland],  Dec.  1919,  2  (Damm, 
AMNH);  Siberut  [Isl.],  7  Feb.  1917,  2  (O. 
Hagerup,  ZMK);  2<3  (Doria,  NRS).  Java. 
Buitenzorg  [Bogor],  March  1909,  2  (O. 
Bryant,  MCZ),  2  (NMW);  Tasikmalaja,  in 
house,  2  (Gornsten,  NMW).  East  Borneo 


Figures  238-250.  Argiope  pulchella  Thorell.  238-247.  Female.  238,  241.  Epigynum,  ventral.  239,  242.  Epigynum,  posterior. 
240,  243.  Epigynum,  lateral.  238-240.  (Moulmein,  Burma).  241-243.  (northeastern  Burma).  244,  246,  Carapace  and  abdomen. 
245,  247.  Sternum  and  abdomen.  244,  245.  (Singapore).  246,  247.  (northeastern  Burma).  248.  Left  male  palpus,  mesal.  249. 
Median  apophysis  from  "below."  250.  Broken  left  embolus  tip  from  an  epigynum. 

Figures  251-262.     Argiope  vers/co/o/- (Doleschall).  251-258.  Female.  251,  254.  Epigynum,  ventral.  252,  255.  Epigynum,  pos- 
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terior.  253,  256.  Epigynum,  lateral.  251-253.  (Salangor,  Malaysia).  254-256.  (Siberut,  Sumatra).  257.  Carapace  and  abdomen. 
258.  Sternum  and  abdomen.  259.  Left  male  palpus,  mesal.  260.  Median  apophysis  from  "below."  261 ,  262.  Broken  left  embolus 
tip  from  an  epigynum  (at  different  angles). 

Scale  lines.  0.1  mm,  except  Figures  244-247,  257,  258,  1 .0  mm. 
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[Kalimantan].  Long  Navang  [Long  Na- 
wan],  9  (E.  Mjoberg,  NRS);  Tewah,  9 
(Breitenstein,  NMW). 

Argiope  modesta  Thorell 

Figures  263-270;  Map  5 

Argiope  modesta  Thorell,  1881:  75.  Female  holot\pe 
in  poor  condition  from  Kunang  [?  Kupang],  Timor 
in  the  Museo  Civico  di  Storia  Naturale,  Genova, 
examined.  Roevver,  1942:  738.  Bonnet,  1955:  691. 

Argiope  crenulata  pictula  Strand,  1911a:  203.  Two 
female  s>nt\pes  from  Boeton  [Butung],  stnitheast 
Celebes  in  the  Senckenberg  Museum,  Frankfurt, 
examined.  NEW  SYNONYMY. 

Argiope  appensa  pictula. — Roevver,  1942:  740. 

Argiope  appensa. — Bonnet,  1955:  672  (in  part). 

Note.  The  type  specimen  of  A.  modesta 
is  in  poor  condition  (Figs.  263-265)  and 
was  first  thought  to  belong  to  A.  appensa. 

The  epigynum  and  abdomen  (Figs. 
266-270)  were  illustrated  from  the  holo- 
type  of  A.  pictula. 

Diagnosis.  Like  Argiope  appensa,  the 
rim  of  the  epigynum  appears  broken,  the 
anterior  lateral  part  is  a  part  of  the  ante- 
rior bulge  without  an  intervening  lip  (Figs. 
263,  266).  Unlike  A.  appensa,  the  epigy- 
num is  ventrally  pulled  out  (Figs.  265, 
268).  Also,  the  abdomen  is  lobed  all  around 
and  has  very  distinct  dorsal  markings 
(Figs.  269,  270). 

Variation.  Two  collections  from  West- 
ern Australia  of  specimens  in  poor  con- 
dition seem  to  have  just  the  posterior  dor- 
sal tip  of  the  abdomen  black,  as  in  the 
related  A.  aetherea;  the  sides  of  the  ab- 
domen are  lobed.  A  female  from  Taam 
Island,  Australia  has  the  abdomen  banded 
as  that  of  A.  rainbowi. 

Distribution.  Borneo,  Java,  Celebes,  Ti- 
mor, Australia  (Map  5). 

Records.  INDONESIA:  Java,  29 
(Seubort,  SMF)  Lonibok.  from  hymenop- 
tera  nests,  29  May  1899,  29  (C.  Auri-vil- 
lius,  NRS).  East  Borneo.  Maratoea  Island 
[Pulau  Maratua],  9  (E.  Mjoberg,  NRS). 
Moluccas.  Key  Duelah  [Dula,  Tual,  Kep. 
Ewab],  1908,  69  (H.  Merton,  SMF).  Ti- 
mor. 59  (NHMW);  Roti  Isl.  in  grass,  23 
July  1899,  9  (C.  Auri-villius,  NRS). 


Argiope  appensa  (Walckenaer) 
Figures  271-278;  Map  5 

Epeira  appensa  Walckenaer,  1841:  111.  Female 
without  locality,  lost. 

Epeira  (Argyopes)  crenulata  Doleschall,  1857:  414; 
1859,  pi.  3,  fig.  7,  9.  Female  specimens  from  .Am- 
boina  [Ambon]  in  the  Rijksmuseum  van  Natuur- 
lijke  Historie,  Leiden,  examined. 

Argiope  chrysorrhoea  L.  Koch,  1871:  38,  pi.  3,  fig. 
5,  2.  Three  female  syntypes  from  the  Pelevv  Inseln 
[Palau  Isl.]  in  the  Zoologisches  Museum,  Universi- 
tat  Hamburg,  examined. 

Argiope  boetonica  Strand,  1915:  215,  pi.  16,  fig.  53, 
S.  Male  holotype  from  Bau-Bau,  Boeton,  southeast 
Celebes  in  the  Senckenberg  Museum,  Frankfurt, 
examined.  NEW  SYNONYMY. 

Coganargiope  (Micrargiope)  reticulata  Kishida, 
^1931:  130;  1936:  22,  figs.  6-11,  93.  ?Tvpe  speci- 
mens? NEW  SYNONYMY. 

Argiope  crenulata: — Roevver,  1938:  33,  fig.  23,  9. 

Argiope  appensa. — Roevver,  1942:  740.  Bonnet,  1955: 
672.  Chrysanthus,  1971:  10,  figs.  4-8,  2,  <5. 

Argiope  schoenigi  Marapao,  1965:  45,  pi.  1,  2,  S.  Fe- 
male holotype  from  Guadalupe,  Cebu  City,  Phil- 
ippines in  the  University  San  Carlos,  Cebu  Citv, 
not  available.  NEW  SYNONYMY. 

Notes.  Walckenaer  gave  a  good  de- 
scription of  the  unusual  dorsal  pattern. 
Argiope  boetonica  had  been  synonymized 
with  A.  aetherea  by  Chrysanthus  (1971), 
an  error. 

The  illustrations  were  made  from  spec- 
imens coming  from  Guam. 

Diagnosis.  This  is  a  large  Argiope.  Fe- 
males can  be  distinguished  from  other 
species  by  the  reticulated  pattern  on  the 
abdomen  covering  the  dorsum  completely 
in  dark  specimens,  around  the  edge  only 
in  light  ones  (Figs.  274,  276).  Unlike  any 
other  species  (except  A.  modesta),  the  rim 
of  the  anterior  bulge  of  the  epigynum  is 
broken  anteriorly  on  each  side;  the  me- 
dian part  is  wide,  the  lateral  narrow  (Fig. 
271). 

The  conductor  of  the  male  palpus  (Fig. 
277)  is  shorter  than  that  of  A.  aetherea, 
its  "upper"  margin  straight  (compared  to 
that  of  A.  picta  and  other  similar  species). 
While  the  axis  of  the  tip  of  the  median 
apophysis  is  nearly  parallel  in  position  to 
the  axis  of  the  conductor  in  A.  aetherea 
and  A.  picta,  it  is  on  angle,  and  the  me- 
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Figures  263-270.  Arglope  modesta  Thorell,  female.  263,  266.  Epigynum,  ventral.  264,  267.  Epigynum,  posterior.  265,  268. 
Epigynum,  lateral.  263-265.  (Timor).  266-268.  (Celebes).  269.  Carapace  and  abdomen.  270.  Sternum  and  abdomen. 

Figures  271-278.  Argiope  appensa  (Walckenaer).  271-276.  Female.  271.  Epigynum,  ventral.  272.  Epigynum,  posterior.  273. 
Epigynum,  lateral.  274.  Carapace  and  abdomen.  275.  Sternum  and  abdomen.  276.  Abdomen,  dorsal.  277.  Left  male  palpus, 
mesal.  278.  Median  apophysis  from  "below." 

Scale  lines.  0.1  mm,  except  Figures  269,  270,  274-276,  1.0  mm. 


dian  apophysis  is  a  shorter  structure  (Fig. 
277),  with  the  spur  coming  off  the  middle. 

Distribution.  Hawaii,  Taiwan  to  New 
Guinea  (Map  5). 

Records.    TAIWAN:    Taipei,    11    Oct. 


1955,  9  (M.  Walsh,  AMNH).  HAWAII: 
Oahu.  Lualuale;  Diamond  Head  Crater; 
Waipio;  Ewa  Plantation;  Kunia  Camp; 
Waialua,  Mokuleia  Beach,  house  and  gar- 
den; Honolulu,  McCully;  Kaneohe.  Maui. 
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Haiku;  Seven  Sacred  Pools;  13  km  S  Hana. 
Hawaii.  Hawaii  Volcanoes  National  Park, 
Kamoamoa,  bldgs.;  Wahaula;  trail  to  cra- 
ter. MARSHALL  ISLANDS:  Majuro 
Atoll,  grass,  herbs,  and  shrubs,  22  March 
1980,  93  (J.  A.  Beatty,  BC);  10  km  E  Laura, 
Long  Isl.,  shrubs  and  trees,  24  March  1980, 

2  (J.  A.  Beatty,  BC).  MARIANA  IS- 
LANDS: Guam.  bamboo-Pandanus  forest, 
4  April  1980,  29  (J.  A.  Beatty,  BC);  bldgs., 
4  March  1973,  9S  (J.  A.  Beatty,  BC);  beach, 

3  March  1973,  93  (J.  A.  Beatty,  BC);  Man- 
gilao,  Nov.  1969,  93  (E.  Sabath,  MCZ). 
CAROLINE  ISLANDS:  Ponape  Island. 
Kolonia,  bldgs.,  [numerous  collections,  BC, 
BPBM,  MCZ),  Uh  Distr.,  shrubs,  27  March 
1980,  9  (J.  A.  Beatty,  BC).  Ngajangel  Isl., 
Kayangel  Isl.,  Palau  Isl.  (numerous  col- 
lections, AMNH,  BC,  BPBM,  MCZ, 
NMW).  Yap  Isl.  (many  collections,  MCZ, 
BPBM).  Pais  Isl.  5  Dec.  1952,  29  (N.  L. 
H.  Krauss,  BPBM).  Tobi  Island,  trees  in 
forest,  21  April  1973,  93  (J.  A.  Beatty,  E. 
Berry,  BC);  9  (SMF).  Sonsorol  Island.  13 
Sept.  1952,  9  (N.  L.  H.  Krauss,  BPBM); 
tropical  forest,  6  April  1973,  9  (J.  W.  Berrv 
&  E.  Berry,  BC).  Pnlo  Anna  Isl.  13  Sept. 
1952,  9  (N.  L.  H.  Krauss,  BPBM);  7  April 
1973,  93  (J.  W.  Berry,  E.  Berry,  BC). 
PHILIPPINES:  Mindanao.  Anakan  Lum- 
ber Co.,  Misamis  Oriental,  12  May  1950, 
9  (J.  Bergseng,  EMC);  Balingasag  coastal 
road,  9-10  May  1950,  93  (J.  Bergseng, 
FMC);  Mother  Lode  Mines,  Surigao,  17 
May  1950,  3  (J.  Bergseng,  FMC).  Calicoan 
Island.  (AMNH).  Leboon  Isl.  [Calicoan 
Isl.],  1945,  9  (F.  Bibby,  AMNH).  Mactan 
Island.  Mactan,  Dec.  1958,  3  (N.  L.  H 
Krauss,  AMNH).  INDONESIA:  Java 
PBuitenzorg  [Bogor],  9  (SMD).  Celebes 
Menado,  13  Feb.  1929,  9  (S.  A.  R.  Prince 
Leopold,  IRSN).  Molucca  Islands.  Moro- 
tai:  10  July  1945,  9  (B.  Malkin,  AMNH) 
Ambon:  April  1908,  9  (T.  Barbour,  MCZ), 
99  (Suyberbuyk,  IRSN),  89  (Challenger 
Exped.,  BMNH);  Ternate:  14  Feb.  1929, 
9  (S.  A.  R.  Prince  Leopold,  IRSN),  1906- 
1907,  9  (T.  Barbour,  MCZ).  Obi  Island:  9 
(T.  Barbour,  MCZ).  Bouron  Island  [Burn 
Isl.]:  Tifoe  [Tifu],  1906-1907,  9  (T.  Bar- 


bour, MCZ).  NEW  GUINEA:  Pile  Man- 
sinam  [Mausinam?],  Manokwan,  8  March 
1929,  39  (S.  A.  R.  Prince  Leopold,  IRSN). 
West  Irian  [Djaya  Pura].  Middleburg  Isl., 
3  July  1952,  9  (RNHL);  Purdv  Islands,  19 
June^  1944,  9  (C.  B.  PhiUips);  Archipel 
Manfield,  "au  N  de  Batanta,"  1  March 
1929,  39  (S.  A.  R.  Prince  Leopold,  IRSN); 
Archipel  Misool  [Misool  Isl.],  Jef-bi,  26  Feb. 
1929,  39  (S.  A.  R.  Prince  Leopold,  IRSN). 
Papua  New  Guinea.  Central  Distr.  Areana 
Estate,  Galley  Reach,  19-25  March  1966 
(G.  Bush,  MCZ).  Madang  Distr.  Fr.  Wil- 
helmshafen  [Madang],  May  1909  (G. 
Duncker,  ZMH).  Trobriand  Islands.  Kir- 
iwinia  Isl.,  3  (W.  B.  Jones,  AMNH). 

Argiope  brunnescentia  Strand, 
new  status 

Figures  279-285;  Map  5 

Argiope  avara  briinnesceritia  Strand,  1911a:  203.  Two 
female  syntypes  from  Squally  Insel  [Tench  Island, 
Bismarck  Archipelago]  in  the  Senckenberg  Mu- 
seum, Frankfurt,  examined.  Roevver,  1942:  740, 
Bonnet,  1955:  677. 

Argiope  squallica  Strand,  1915:  216,  pi.  16,  fig.  54. 
Male  holotype  from  Squally  [Tench  Island]  in  the 
Senckenberg  Museum,  Frankfurt,  examined.  NEW 
SYNONYMY. 

Argiope  avara. — Chrysanthus,  1971:  12  (in  part),  fig. 
10,  9.  Misidentification;  not  A.  avara  Thorell  [  =  tri- 
fasciata]. 

Note.  The  illustrations  of  the  female 
were  made  from  a  syntype.  The  male  type 
of  A.  squallica  has  only  one  palpus  which 
is  slightly  expanded  and  therefore  was  not 
illustrated.  The  base  of  the  embolus  forms 
a  much  smaller  semicircle  than  that  of  A. 
aetherea,  A.  appensa,  and  A.  picta.  It  is 
like  the  palpus  illustrated  (Fig.  284)  and 
like  that  of  A.  bougainvilla.  However,  the 
median  apophysis  is  much  more  like  that 
of  A.  picta  (Fig.  315)  than  that  illustrated 
by  Figure  284.  A  second  specimen  labeled 
A.  squallica  by  Strand  from  New  Guinea 
is  a  male  of  A.  picta.  Only  the  syntype 
female  illustrated  (Figs.  279-283)  had  the 
ventral  para.xial  lines  farther  apart  ante- 
riorly than  posteriorly.  I  have  some  doubt 
about  every  specimen  examined,  whether 
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Figures  279-285.  Argiope  brunnescentia  Strand.  279-283.  Female.  279.  Epigynum,  ventral.  280.  Epigynum,  posterior.  281. 
Epigynum,  lateral.  282.  Carapace  and  abdomen.  283.  Sternum  and  abdomen.  284.  Left  male  palpus,  mesal.  285.  Median 
apophysis  from  "below." 

Figures  286-291.  Argiope  bougainvilla  (Walckenaer).  286-290.  Female.  286.  Epigynum,  ventral.  287.  Epigynum,  posterior. 
288.  Epigynum,  lateral.  289.  Carapace  and  abdomen.  290.  Sternum  and  abdomen.  291.  Left  male  palpus,  mesal. 

Figures  292-296.  Argiope  pentagona  L.  Koch,  female.  292.  Epigynum,  ventral.  293.  Epigynum,  posterior.  294.  Epigynum, 
lateral.  295.  Carapace  and  abdomen.  296.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  282,  283,  289,  290,  295,  296,  1.0  mm. 
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it  is  conspecific  with  the  type.  A  large  se- 
ries of  females  and  males  is  needed  to  ad- 
equately diagnose  this  species. 

Diagnosis.  This  species  differs  from  A. 
aetherea  by  the  laterally  rounded  shape 
of  the  abdomen,  round  in  cross  section, 
and  by  the  dorsal  abdominal  markings 
(Fig.  282).  The  septum  and  posterior  plate 
of  the  epigynum  appear  to  be  pulled  in  a 
posterior  direction  (Fig.  279). 

The  male  from  Oro  Bay  illustrated 
(Figs.  284,  285)  may  not  belong  to  this 
species;  it  differs  from  others  by  having 
the  spur  of  the  median  apophysis  shaped 
like  a  large  thorn  (Figs.  284,  285)  and  hav- 
ing a  pointed  tooth  near  its  base  (Fig.  285). 

Distribution.  New  Guinea,  Bismarck 
Archipelago  (Map  5). 

Records.  NEW  GUINEA:  West  Irian 
[Djaya  Pura].  Maffin  Bay,  Dec.  1944,  9  (G. 
B.  Sirotiak,  AMNH):  Papua  New  Guinea. 
Northern  Distr.  Oro  Bay,  ?1944,  <5  (B. 
Struck,  AMNH).  Madang  Distr.  Finisterre 
Mts.,  Naho  River  Valley,  Budemu,  1270 
m,  30  Oct. -23  Nov.  1964,  9  (M.  E.  Bac- 
chus, BMNH);  Naho  Riv.  Vail,  Moro,  1700 
m,  30  Oct.-23  Nov.  1964,  9  (M.  E.  Bac- 
chus, BMNH).  Loiiisiade  Archipelago. 
Misima  Isl.,  Mt.  Sisa,  350  m,  9  (L.  Brass, 
AMNH).  Bismarck  Archipelago.  Saint 
Matthias  Group,  south  coast  of  Ebolin, 
Aturini  Falls,  Sept.  1908,  9  (G.  Duncker, 
ZMH). 

Argiope  bougainvilla  (Walckenaer) 
Figures  286-291 ;  Map  5 

Epeira  bougainvilla  Walckenaer,  1847:  473.  Two 
specimens  from  the  Solomon  Islands,  lost. 

Argiope  bougainvilla. — L.  Koch,  1871:  42.  Roewer, 
1942:  741.  Bonnet,  1955:  677. 

Argiope  vanicoriensis  Simon,  1897:  272.  Female  ho- 
lotype  from  Vanikora  Island,  Santa  Cruz  Islands, 
in  the  Museum  National  d'Histoire  Naturelle,  ex- 
amined. NEW  SYNONYMY. 

Argiope  leopardina  Pocock,  1898:  461,  pi.  19,  fig.  2, 
2.  Two  female  syntypes  from  Solomon  Islands, 
probably  Shortland  Island,  in  the  British  Museum, 
Natural  History,  examined.  Roewer,  1942:  742. 
Bonnet,  1955:  687.  NEW  SYNONYMY. 

Argiope  leopardina  clavifemur  Strand,  1914:  216. 
Five  syntypes  from  interior  of  Buka,  Solomon  Is- 


lands in  the  Senckenberg  Museum,  Frankfurt,  ex- 
amined. NEW  SYNONYMY. 
Argiope  avara: — Chrysanthus,  1971:  12  (in  part:  figs. 
9,  11,  12,  9).  Misidentification;  A.  avara  =  A.  tri- 
fasciata. 

Note.  Walckenaer's  description  is  enig- 
matic, but  he  describes  the  diagnostic, 
bright  yellow  dorsal  patch  on  the  abdo- 
men and  the  smaller  yellow  dots  behind, 
toward  the  sides.  He  must  have  had  a  light 
colored  specimen,  and  dwelled  on  indi- 
vidual characteristics  of  his  specimen.  Po- 
cock's  description  also  has  similar  short- 
comings, but  his  good  illustrations  and  the 
presence  of  types  removes  all  doubt.  The 
illustrations  (Figs.  286-290)  were  pre- 
pared from  a  syntype  of  A.  leopardina. 

Diagnosis.  The  elongate,  oval  abdomen 
of  females  bearing  an  anterior  dorsal  yel- 
low patch  (Fig.  289)  readily  distinguishes 
A.  bougainvilla  from  all  other  species  of 
Argiope  except  A.  trifasciata  from  Kauai, 
Hawaii.  The  ventral  abdominal  marks 
(Fig.  290)  may  also  be  distinct,  but  are 
sometimes  variable. 

The  shape  of  the  epigynum  separates 
this  species  from  Hawaiian  A.  trifasciata. 

The  species  differs  from  the  related  A. 
appensa  by  the  abdomen  shape,  color- 
ation, and  by  lacking  the  broken  rim  of 
the  epigynum.  The  only  male  available 
had  the  distinct  ventral  markings  of  the 
female,  and  a  smooth  back  of  the  tip  of 
the  embolus  (Fig.  291).  The  axis  of  the 
base  of  the  median  apophysis  is  at  a  right 
angle  to  the  axis  of  the  conductor  (Fig. 
291). 

Distribution.  New  Guinea?;  Solomon 
Islands,  Santa  Cruz  Islands  (Map  5). 

Records.  PAPUA  NEW  GUINEA:  Ma- 
dang Distr.  Fine!  Siar,  near  Friedrich 
Wilhelmshafen  [Madang],  1906,  109  (error 
in  locality?)  (Schauinsland,  SMF).  SOL- 
OMON ISLANDS:  Guadalcanal,  (many 
coll.,  AMNH).  Florida  Island.  (AMNH). 
New  Georgia.  Munda  (N.  L.  H.  Krauss, 
AMNH).  Bougainville  Isl.  (AMNH).  Rus- 
sell Islands.  (R.  B.  Fads,  AMNH;  AMS). 
Auki.  (W.  M.  Mann,  MCZ).  Ugi.  (MCZ, 
AMS).  North  Howla.  (AMS).  Isabel  Isl.  9 
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(Albatross  Exped.,  NMW).  Shortland  Isl. 
9  (Rechingen,  NMW).  SANTA  CRUZ  IS- 
LANDS: Vanikora,  99  (AMS). 

Argiope  pentagona  L.  Koch 
Figures  292-296;  Map  5 

Argiope  pentagona  L.  Koch,  1871;  39,  pi.  3,  fig.  6. 
Female  holotype  from  Ovalau,  Fiji  in  the  Godef- 
froy  Collection.  Zoologisches  Museum,  Universitat 
Hamburg,  examined.  Roevver,  1942:  742.  Bonnet, 
1955:  692. 

Note.  The  dorsum  of  the  abdomen  of 
the  type  is  white,  the  pattern  washed  out. 
The  dorsal  abdominal  pattern  in  Figure 
295  has  been  illustrated  from  a  juvenile 
specimen  having  similar  distinctive  ven- 
tral markings  (Fig.  296).  The  epigynum 
was  illustrated  from  the  type  specimen. 

Diagnosis.  Like  the  epigynum  of  A. 
boiigainvilla,  the  rim  of  the  epigynum  is 
almost  straight  (Fig.  292).  It  differs  by 
having  a  wider  septum  (Fig.  292),  a  pen- 
tagonal-shaped abdomen  (Figs.  295,  296), 
with  a  diagnostic  square  ventral  white 
mark  bearing  eight  arms  (Fig.  296). 

Records.  FIJI  ISLANDS:  juv.  (AMS); 
Mango  Isl.,  18  Sept.  1924,  9  (E.  H.  Brvant, 
AMNH);  Lami,  Vit.  Levu  Isl,  March  1955, 
9  (N.  L.  H.  Krauss,  BPBM). 

Argiope  aetherea  (Walckenaer) 
Figures  5,  6,  297-309;  Map  5 

Epeira  aetherea  Walckenaer,  1841:  112.  Specimens 
from  Port  de  Dorey,  New  Guinea  [Dorei,  Vogel- 
kop  Peninsula,  West  Irian],  lost. 

?  Argiope  gorgonea  L.  Koch,  1871:  35.  Female  spec- 
imen from  Rockhampton,  Queensland,  L.  Koch 
collection  in  the  British  Museum,  Natural  History, 
examined.  The  original  description  has  the  species 
coming  from  Boeroe  [Burn  Island,  Moluccas]. 

Argiope  regalis  L.  Koch,  1871:  36,  pi.  3,  fig.  4,  9. 
Female  holotype  from  Port  Mackay,  Queensland 
in  the  Godeffroy  collection  of  the  Zoologisches  Mu- 
seum, Universitat  Hamburg,  examined. 

Argiope  variabilis  Bradley,  1876:  141,  pi.  1,  fig.  3,  2. 
Female  lectotype  and  paralectotype  here  desig- 
nated from  Darnley  Island,  Torres  Strait,  in  the 
Australian  Museum,  Sydney,  examined. 

Argiope  lunata  Bradley,  1876:  143,  pi.  1,  fig.  4,  2. 
Female  lectotype  from  Cocoanut  Island,  paralec- 
totype from  Sue  Island,  Torres  Strait  here  desig- 


naletl  in  tlu'  /Kustralian  Museum,  Sydney,  exam- 
ined. NEW  SYNONYMY. 

Argiope  brownii  O.  P. -Cambridge,  1877:  284.  Three 
female  syntypes  from  Duke  of  York  Island,  New 
Britain  in  the  Hope  Entom.  Collections,  Oxford 
Univ.,  examined.  NEW  SYNONYMY. 

Argiope  keyserlingi: — Rosenberg  and  Strand,  1906: 
199,  pi.  11,  fig.  230,  9.  Misidentification;  not  A. 
keyserlingi  Karsch. 

Argiope  verecunda  Thorell,  1878:  35.  Female  holo- 
type in  very  poor  condition  from  .Amboina  [Am- 
bon], Moluccas  in  the  Museo  Civico  di  Storia  Nat- 
urale,  Genova,  examined.  NEW  SYNONYMY. 

Argiope  aetherea  anniilipes  Thorell,  1881:  68.  Fe- 
male holotype  from  Yule  Isl.  [nr.  Port  Moresby, 
New  Guinea]  in  the  Museo  Civico  di  Storia  Natu- 
rale,  Genova,  examined.  According  to  Thorell  the 
specimen  came  from  "New  Guinea." 

Argiope  aetherea  deusta  Thorell,  1881:  68.  Two  fe- 
male syntypes  in  poor  condition  from  Fly  River, 
New  Guinea  in  the  Museo  Civico  di  Storia  Natu- 
rale,  Genova,  examined.  According  to  Thorell 
(1881)  the  specimens  came  from  Y'ule  Island  [nr. 
Port  Moresby,  New  Guinea]. 

Argiope  maerens,  Kulczynski,  1911:  473,  pi.  20,  fig. 
45,  9.  Female  holotype  from  New  Guinea  in  the 
Polish  Academy  of  Sciences,  Warsaw,  examined. 
NEW  SYNONYMY. 

Argiope  avara  ocelligera  Strand,  1911a:  203.  Two 
female  syntypes  from  Keule  Insel  [Koil],  New 
Guinea  in  the  Senckenberg  Museum,  Frankfurt, 
examined.  NEW  SYNONYMY. 

?  Argiope  avara  tristipes  Strand,  1911a,  77:  203.  Fe- 
male type  from  Squallv  Island  [Tench  Island,  Bis- 
marck Archipelago],' lost.  DOUBTFUL  NEW 
SYNONYMY. 

Argiope  avara  angulicosta  Strand,  1911a:  203.  A  fe- 
male holotype  from  Keule  Insel  [Koil],  New  Guinea 
in  the  Senckenberg  Museum,  Frankfurt,  exam- 
ined  NEW  SYNONYMY. 

Argiope  friedericii  Strand,  1911a:  204;  1915:  214,  pi. 
17,  fig.  62,  9.  Female  holotype,  two  paratypes  from 
Eitape,  German  New  Guinea  [Aitape,  Papua  New 
Guinea]  in  the  Senckenberg  Museum,  Frankfurt, 
examined.  NEW  SYNONYMY. 

Argiope  wolfi  Strand,  1911a:  204;  1915:  212,  pi.  16, 
fig.  55,  9.  Three  female  syntypes  from  Auer  near 
Neu  Mecklenburg  [New  Ireland]  in  the  Sencken- 
berg Museum,  Frankfurt,  examined.  NEW  SYN- 
ONYMY. 

Argiope  aetherea  tangana  Strand,  1911a:  204;  1915: 
211.  Juvenile  female  from  Tanga  Islands  near  Neu 
Mecklenburg  [New  Ireland]  in  the  Senckenberg 
Museum,  Frankfurt,  examined.  NEW  SY'NONY- 
MY. 

Argiope  aetherea  melanopalpis  Strand,  1911a:  204. 
One  juvenile,  two  female  syntypes  from  Lamassa 
[Lamassong],  Neu  Mecklenburg  [New  Ireland]  in 
the  Senckenberg  Museum,  Frankfurt,  examined. 
Strand,  1914:  211.  NEW  SYNONYMY. 

Argiope  udjirica  Strand,  1911b:  142,  pi.  5,  fig.  43,  9. 
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Female  holotype  from  Aru  Island  in  the  Senck- 
enberg  Museum,  Frankfurt,  examined.  Roewer, 
1938:  33,  6g.  22,  2.  Roewer,  1942:  743.  NEW  SYN- 
ONYMY, 

Argiope  aetherea  keijensis  Strand,  1911b:  145.  Fe- 
male holotype  from  Gross  Key,  Flat  [Great  Key, 
Banda  Sea]  in  the  Senckenberg  Museum,  Frank- 
furt, e.xamined.  NEW  SYNONYMY. 

Argiope  lihirica  Strand,  1913:  116;  1915:  215,  pi.  13, 
fig.  14,  pi.  16,  fig.  52,  9.  Female  holotype  from 
Lihir  near  Neu  Mecklenburg  [New  Ireland]  in  the 
Senckenberg  Museum,  Frankfurt,  examined.  NEW 
SYNONYMY. 

Argiope  wogeonicola  Strand,  1913:  116;  1914:  213, 
pi.  16,  fig.  56,  pi.  17,  fig.  58,  9.  Female  holotype 
from  Wogeo,  Schouten  Isl.  [\'okeo  Isl.,  Papua  New- 
Guinea]  in  the  Senckenberg  Museum,  Frankfurt, 
examined   NEW  SYNONYMY. 

Argiope  novaepommeraniae  Strand,  1915:  212,  pi. 
16,  fig.  51,  9.  Female  holotype  from  Toma,  Neu 
Pommern  [New  Britain]  in  the  Senckenberg  Mu- 
seum, Frankfurt,  examined.  NEW  SYNONYMY. 

Gea  rotunda  Hogg,  1915:  244,  fig.  24,  3.  Male  holo- 
type from  Dutch  New  Guinea  [West  Irian]  in  the 
British  Museum,  Natural  History,  examined.  NEW 
SYNONYMY. 

Chaetargiope  (Neargiope)  regalis: — Kishida,  1936: 
21. 

Argiope  aetherea: — Chrysanthus,  1958:  237,  figs.  7- 
12,  24,  9,  S.  M.  H.  Robinson,  Lubin,  and  B.  Rob- 
inson, 1974:  128.  M.  H.  Robinson  and  B.  Robinson, 
1980:  10,  50,  79-83,  85,  figs.  34-36  (photo). 

Notes.  Karsch  wrote  (1878:  788)  that 
what  Keyserhng  (1865)  considered  A. 
aetherea  from  New  South  Wales,  Austra- 
ha  is  probably  a  misidentification.  Karsch 
continued  to  say  that  he  had  specimens 
from  Japan  that  better  fitted  Walcken- 
aer's  description,  but  they  had  different 
epigyna  from  the  specimens  from  Austra- 
lia. He  went  on  to  say  that  these  speci- 
mens from  Japan  may  not  be  the  right 
aetherea,  since  no  specimens  of  the  real 
aetherea  from  Australia  were  available  for 
comparison.  He  then  proceeded  to  give 
the  name  A.  keyserlingi  to  Keyserling's 
specimens  from  Sydney,  Australia  and 
started  a  chain  of  confusion.  The  Asian 
species  is  here  called  A.  boesenbergi,  and 
the  southern  Australian  species  A.  keyser- 
lingi. 

The  type  of  A.  verecunda  Thorell  is  in 
poor  physical  condition,  and  the  pattern 
of  the  abdomen  has  disappeared  (the  color 
had  been  lost  when  Thorell  described  it). 


The  yellow  sternum  and  shape  of  the 
epigynum  indicate  that  it  is  A.  aetherea. 

Roewer  (1942)  has  synonymized  A. 
gorgonea  with  A.  picta.  This  may  be  an 
error.  The  pattern  of  the  specimen  avail- 
able and  named  by  Karsch  resembles  that 
of  A.  aetherea  except  for  the  sternum, 
which  is  like  that  of  A.  picta.  The  epigy- 
num is  perhaps  closer  to  A.  picta.  The  vial 
label  has  the  specimen  coming  from 
Rockhampton,  Queensland;  the  original 
description  is  of  a  specimen  from  Boeroe 
[Burn  Island,  Moluccas]. 

The  specimens  of  A.  avara  ocelligera 
Strand  and  A.  avara  angulicosta  Strand 
are  melanistic  (the  dorsum  of  the  abdo- 
men is  all  black).  All  the  other  types  ex- 
amined and  newly  synonymized  had  gen- 
italia and  abdominal  pattern  within  the 
variation  of  A.  aetherea. 

Diagnosis.  Argiope  aetherea  differs 
from  other  similar  species  by  the  pentag- 
onal shape  of  the  abdomen  (Fig.  303); 
from  A.  picta  also  by  the  dorsal  abdomi- 
nal markings  (Figs.  303-305)  and  the  an- 
terior lip  of  the  opening  in  the  depression 
of  the  epigynum  (Figs.  297,  300)  which 
flares  to  each  side  (unlike  A.  picta);  and 
by  the  yellow-to-orange  color  of  the  ster- 
num (Fig.  304)  (compared  to  the  white 
markings  on  the  venter).  The  anterior 
white  branch  of  the  paraxial  white  line  on 
the  venter  of  the  abdomen  is  long  in  A. 
aetherea,  short  in  A.  picta. 

The  palpus  of  the  male  differs  from  that 
of  A.  picta  in  several  ways:  in  lacking  an 
"upper"  lobe  on  the  conductor  behind  the 
embolus;  in  the  pendant  of  the  embolus 
occurring  at  a  greater  distance  from  the 
tip;  and  in  the  orientation  of  the  spur  to- 
ward the  embolus  on  the  "upper"  surface 
of  the  median  apophysis  (Figs.  308,  309) 
(on  the  "lower"  edge  of  the  tip  in  A.  pic- 
ta). 

Variation.  The  species  of  this  group, 
close  to  A.  aetherea,  hardly  differ  in  gen- 
italia. It  is  clear,  however,  that  the  s\  m- 
patric  A.  picta  is  distinct.  But  are  A.  triik 
and  A.  brunnescentia  forms  of  A.  aeth- 
erea? The  Solomon  Island  specimens  (Figs. 
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Figures  297-309.  Argiope  aetherea  (Walckenaer).  297-307.  Female.  297,  300.  Epigynum,  ventral.  298,  301 .  Epigynum,  pos- 
terior. 299,  302.  Epigynum,  lateral.  297-299.  (Lae,  Papua  New  Guinea).  300-302.  (New  Georgia,  Solomon  Islds.).  303,  306. 
Carapace  and  abdomen.  304,  307.  Sternum  and  abdomen.  305.  Abdomen,  dorsal.  303-304.  (Lae,  Papua  New  Guinea).  305. 
(Buso,  Papua  New  Guinea).  306-307.  (New  Georgia,  Solomon  Islds).  308.  Left  male  palpus,  mesal.  309.  Median  apophysis 
from  "below." 

Figures  310-316.  Argiope  picta  L.  Koch.  310-314.  Female.  310.  Epigynum,  ventral.  311.  Epigynum,  posterior.  312.  Epigynum, 
lateral.  313.  Carapace  and  abdomen.  314.  Sternum  and  abdomen.  315.  Left  male  palpus,  mesal.  316.  Median  apophysis  from 
"below." 

Scale  lines.  0.1  mm,  except  Figures  303-307,  313-314,  1.0  mm. 
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300-302,  306,  307)  for  a  while  were  be- 
lieved to  be  distinct.  But  other  than  hav- 
ing the  sternum  infused  with  some  black 
pigment  from  the  sides  (also  in  some  Aus- 
tralian specimens)  and  perhaps  having 
slightly  different  proportions  of  the  ab- 
domen (Fig.  306),  no  consistent  differ- 
ences could  be  found. 

The  dorsum  of  the  abdomen  may  have 
several  wide  transverse  black  bands,  as  in 
A.  reinwardti  (Fig.  305);  may  be  com- 
pletely white  in  preserved  specimens;  or 
bright  yellow  in  living  ones,  always  with 
a  black  posterior  mark  (Fig.  303).  Austra- 
lian specimens  have  similar  variation  in 
color  of  the  abdomen  but  have  the  ster- 
num a  less  bright  yellow.  There  are  also 
differences  in  the  epigynum,  especially  in 
the  configuration  of  the  median  and  pos- 
terior lips  of  the  openings;  the  rim  is  also 
thinner  (Figs.  297,  300). 

The  female  illustrated  (Figs.  297-299, 
303,  304)  came  from  Lae,  the  banded  ab- 
domen from  Buso  (Fig.  303),  and  the  male 
from  Madang  (Fig.  308),  all  Papua  New 
Guinea.  Figures  300-302,  306,  307  were 
made  from  a  specimen  from  New  Georgia 
Island,  Solomon  Islands. 

Natural  History.  Argiope  aetherea  is 
common  in  gardens  and  disturbed  coastal 
forests  in  Papua  New  Guinea;  it  is  not 
found  inland  at  Wau  (M.  H.  Robinson, 
Lubin,  and  B.  Robinson,  1974,  and  my 
own  observations).  Courtship  and  mating 
behavior  are  described  in  M.  H.  Robinson 
and  B.  Robinson,  1980. 

Large  New  Guinea  collections  obtained 
between  1880  and  1914  and  housed  in  the 
Berlin  Museum  have  only  a  few  speci- 
mens of  A.  aetherea.  It  must  have  been 
much  less  common  along  the  coast  at  that 
time  than  more  recently. 

Distribution.  Ambon,  New  Guinea  to 
Solomon  Islands,  New  Hebrides,  northern 
Australia  (Map  5). 

Records.  INDONESIA:  Kepulauan  Aru. 
Pulai  Workai,  Gomogomo,  2$  (SMF);  Po- 
loe  Enoe,  29  (S.  A.  R.  Prince  Leopold 
Exped.,  IRSN).  NEW  GUINEA:  West  Ir- 
ian [Djaya  Pura].  Geelvink  Baai,  Legare; 


Merauke,  29  (SMF),  1956-1957,  39  (Br. 
Momelphus,  IRSN);  Menapi,  Cape  Vogel 
Peninsula.  Papua  New  Guinea.  Morobe 
Distr.  Buso  River;  Finschhafen.  Western 
Distr.  Lake  Daviumbu,  Middle  Fly  Riv. 
Northern  Distr.  Oro  Bay;  Peria  Cr.,  Kwa- 
gira  Riv.  [Kwagila  Riv.];  Buna.  Central 
Distr.  St.  Joseph's  Riv.  [Angabungaj.  Ma- 
dang Distr.  Stephansort,  Astrolabe  Bay. 
Milne  Bay  Distr.  Modewa  Bay,  W  of  Sa- 
marai.  DEntrecasteaux  Islands.  Good- 
enough  Isl.;  Normanby  Isl.  Louisiade  Ar- 
chipelago. Rossel  Isl.;  Mt.  Sisa,  Misima  Isl.; 
Teste  Isl.,  9  (AMS).  Trobriand  Islands.  Hall 
Sound;  Woodlark  Isl.;  Kiriwina  Isl.  Ad- 
miralty Islands.  Chagos  Archipelago. 
Sudest  Island,  lamelele.  Bismarck  Archi- 
pelago. Maroon  Isl.,  9  (AMS).  New  Brit- 
ain. Matupi;  Ralum,  Simpsonhafen  [Ra- 
baul]  (ZMB).  Solomon  Islands.  New 
Georgia  Island:  Segi  Point,  Feb. -May 
1944,  29,  5  juv.  (C.  O.  Berg,  MCZ,  AMS); 
Bio,  1916,  9  (W.  M.  Mann,  MCZ).  Guad- 
alcanal: (many  collections,  AMNH,  CAS). 
Russell  Islands:  (AMNH,  AMS).  Ysabel  Is- 
land [Santa  Isabel]:  9  (N.  S.  Heffernan, 
AMS).  Rendova:  Hopongo,  Nov.  1972,  9 
(N.  L.  H.  Krauss,  AMNH).  Santa  Cruz 
Islands.  Reef  Isl.,  21  July  1926,  9  (E. 
Troughton,  AMS);  Trevanton  Isl.,  July 
1926,  9  (E.  Troughton,  AMS);  Vanikoro,  9 
Aug.  1926,  9  (E.  Troughton,  AMS).  Torres 
Strait.  Cocoanut  Isl.,  9  (H.  H.  B.  Bradley, 
AMS);  Sue  Isl.,  29  (H.  H.  B.  Bradley,  AMS). 
NEW  HEBRIDES:  Nov.-Dec.  1943,  9,  2<3 
(W.  R.  Enns,  AMNH).  Espirito  Santo. 
Oct. -Dec.  1943,  39,  May  1944,  129  (G. 
Banner,  AMNH);  1943-1944,  39  (J.  S. 
Haeger,  AMNH).  Efate.  Jan. -Feb.  1973, 
29  (N.  L.  H.  Krauss,  AMNH).  Erromagna 
Isl.  March-April  1973,  29  (L.  Macmillan, 
AMNH).  AUSTRALIA:  Northern  Terri- 
tory. Barnard  Isl.;  Howard  Springs  Re- 
serve [SE  of  Darwin];  Darwin;  W.  Alliga- 
tor Mouth.  Queensland.  27  km  E  Mount 
Garnet;  Bellenden  Ker;  Palm  Park  [SE  By- 
field];  Rockhampton;  Iron  Range;  Cairns 
Wenlock;  Portland  Roads;  Ravenshoe 
Townsville;  Fitzroy  Isl.;  Rainbow  Beach 
Whitsunday  Isl.  Gp.;  Edmonton;  Hayman 
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Isl.;  Almaden;  Helenvale,  S  of  Cooktown; 
Mt.  Dryander,  N  of  Proserpine.  Great 
Barrier  Reef.  Penrith  Island,  2  Aug.  1969, 
9  (H.  Heatwole,  AMS);  Lizard  Isl.,  25  Oct. 
1967,  2  (H.  Heatwole,  AMS).  Westerti 
Australia.  Derby  Narth,  9  (AMS);  Sir  Gra- 
ham Moore  Isl.,  16-26  Feb.  1945,  9  (B. 
Malkin,  AMNH);  Anjo  Peninsula,  14-15 
Feb.  1945,  2  (B.  Malkin,  AMNH). 


Argiope  picta  L.  Koch 

Figures  7,  8,  310-316;  Map  5 

Argiope  picta  L.  Koch,  1871:  33,  pi.  3,  fig.  3,  9.  Two 
female  syntypes  from  Port  Mackay,  19°S,  near 
Townsville,  Queensland,  Australia  in  the  Godef- 
froy  collection,  Zoologisches  Museum,  Universitat 
Hamburg,  examined.  Roewer,  1942:  743.  Bonnet, 
1955:  692.  Chrysanthus,  1958:  237,  figs.  1-6,  21, 
23,  2,  6-  1971:  14.  B.  C.  Robinson  and  M.  H.  Rob- 
inson, 1974:  145.  pi.  2  (photo).  M.  H.  Robinson, 
Lubin,  and  B.  Robinson,  1974:  118.  M.  H.  Robin- 
son and  B.  Robinson,  1980:  10,  46,  50,  55,  71,  73- 
81,  85,  88-89,  figs.  30-33. 

Argiope  principalis  L.  Koch,  1872:  207,  pi.  18,  fig. 
5,  9.  Female  holotype  from  Bowen  [Fort  Denisson], 
Queensland  in  the  British  Museum,  Natural  His- 
tory, examined.  Roewer,  1942:  743. 

Argiope  lugubris  L.  Koch,  1872:  209,  pi.  18,  figs.  6, 
7.  Male  and  juvenile  female  syntypes  from  Bowen 
[Fort  Denisson],  Queensland  in  the  British  Mu- 
seum, Natural  History,  examined.  Roewer,  1942: 
742.  Bonnet.  1955:  690.  NEW  SYNONYMY. 

Argiope  picta  faorensis  Thorell,  1881:  65.  Female 
type  from  Pheo  Faor,  New  Guinea  in  the  Natur- 
historiska  Riksmuseet,  Stockholm,  examined. 

?Gea  dubiosa  Strand,  1911b:  146,  pi.  4,  fig.  11,  juv. 
Parts  of  juvenile  holotype  in  very  poor  condition 
from  between  Gueramaguarin  and  Eresin,  Ter- 
anga  [Aru  Island]  in  the  Senckenberg  Museum, 
Frankfurt,  examined.  NEW  SYNONYMY. 

Chaetargiope  picta: — Kishida,  1936:  20. 

Notes.  Gea  dubiosa  is  an  early  instar 
Argiope  or  Gea  with  a  white  spot  in  the 
middle  posteriorly  on  the  abdomen.  It  be- 
longs to  this  species  or  perhaps  to  Gea  spi- 
nipes,  but  it  appears  to  come  from  a  lo- 
cality outside  the  range  of  Gea  spinipes. 

The  specimens  illustrated  (Figs.  311- 
313)  came  from  teak  forest,  Madang;  Fig- 
ure 310  from  Wau,  Papua  New  Guinea. 
Mascord  (1978:  6)  presents  color  photo- 
graph with  the  name  A.  principalis. 

Diagnosis.  This  species  can  be  confused 


with  A.  aetherea.  Females  differ  by  the 
distinct  dorsal  markings  and  the  shield- 
shaped  abdomen  (Fig.  313).  The  sternum 
is  not  as  bright  orange  as  that  of  A.  aeth- 
erea. 

The  epigynum  is  very  similar  to  that  of 
A.  aetherea  and  quite  difficult  to  separate 
consistently.  Within  the  depression,  the 
lateral  edges  of  the  posterior  plate  which 
form  the  anterior  lip  of  the  opening  end 
closer  to  the  midline  (Fig.  310),  and  the 
rim  is  thicker  than  in  A.  aetherea. 

The  male  differs  from  that  of  A.  aeth- 
erea in  having  the  spur  at  the  very  tip  of 
the  median  apophysis  in  mesal  view  (Figs. 
315,  316);  in  A.  aetherea  the  spur  is  on 
the  "upper"  margin  in  mesal  view. 

Natural  History.  Argiope  picta  is  found 
in  shaded  forest  edge  in  the  Wau  area  of 
Papua  New  Guinea.  The  web  may  have 
an  X-shaped  stabilimentum  with  the 
branches  crossing  the  hub;  most  often  the 
stabilimentum  is  absent  (B.  C.  Robinson 
and  M.  H.  Robinson,  1974).  Females  are 
common  throughout  the  year  (M.  H.  Rob- 
inson, Lubin,  and  B.  Robinson,  1974). 
Courtship  and  mating  behavior  is  de- 
scribed in  M.  H.  Robinson  and  B.  Robin- 
son, 1980. 

New  Guinea  collections  obtained  be- 
tween 1880's  and  1914  in  the  Berhn  Mu- 
seum are  mostly  A.  picta,  with  very  few 
A.  aetherea.  It  must  have  been  much  more 
common  at  that  time  than  it  now  is.  The 
specimens  had  been  misidentified  as  A. 
aetherea  by  F.  Dahl. 

Distribution.  Moluccas,  New  Guinea  to 
northern  Australia  and  New  Hebrides 
(Map  5). 

Records.  MOLUCCAS:  Morotai.  6  Jan. 
1945,  2  (E.  Reimschlisel,  AMNH);  1944,  6 
(G.  Banner,  AMNH).  Ceram.  Wahaari 
[?  Wahai],  1906-1907,  2  (T.  Barbour, 
MCZ).  Halmahera.  Djailolo,  16  Feb.  1929, 
2  doubtful  det.  (S.  A.  R.  Prince  Leopold, 
IRSN).  Aru.  Soengi  Manoembaai,  26 
March  1929,  22  (S.  A.  R.  Prince  Leopold, 
IRSN).  NEW  GUINEA:  West  Irian  [Djaya 
Pura].  Hollandia  [Djaya];  Merauke,  1956- 
1957,  2,  6  (Br.  Monulf,  MCZ);  Fakfak,  6 
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July  1939,  9  (R.  G.  Wind,  MCZ);  Maffin 
Bay,  Sept.  1944,  (E.  S.  Ross,  CAS);  Dec. 
1944,  S  (G.  B.  Sirotiak,  Tana  [?  Tanamer- 
ah]  Aug.  1910,  9  (Moszkowski,  ZMB);  Teba, 
May  1910,  9  (Moszkowski,  ZMB).  Seroel, 
Japen  6  March  1929,  S  (S.  A.  R.  Prince 
Leopold,  IRSN).  Mindiptana,  1959,  <3  (Br. 
Monulf,  IRSN).  Papua  New  Guinea.  Many 
collections.  New  Britain.  Herbertshohe 
[?  Kokopo],  March  1903,  9  (Dempwolff, 
ZMB);  Ralum  [Gazelle  Penins.],  June  1896, 
9  (F.  Dahl,  ZMB).  SOLOMON  ISLANDS: 
Isabel  Island.  1  June  1925,  9  (N.  S.  Hef- 
fernan,  AMS);  39  (Albatross  E.xped., 
NMW).  Russell  Islands.  Dec.  1944,  95  (R. 
B.  Eads,  AMNH).  New  Georgia.  Ugi,  9 
(AMS).  Malaita,  Auki,  Dec.  1972,  9  (N.  L. 
H.  Krauss,  AMNH).  Gizo,  Nov.  1972,  9 
(N.  L.  H.  Krauss,  AMNH).  Guadalcanal. 
(several  collections,  AMNH,  CAS,  MCZ). 
Santa  Cruz.  9  (W.  M.  Mann,  MCZ);  Pa- 
mira,  9  (W.  M.  Mann,  MCZ);  Trevanion 
Isl.  off  Santa  Cruz  Isl.,  10:30  S,  166:00  E, 
9  (Troughton  and  Livingston,  AMS).  AUS- 
TRALIA: Queensland.  Townsville;  Cook- 
town;  Edmonton;  Iron  Range;  Mossman 
Riv.  Gorge;  Telegraph  Crossing;  Koak; 
Cairns;  Redlynch;  Kuranda;  10  km  W 
Gordonvale;  5  km  S  Cardwell;  Aloomba; 
Innisfail;  Fitzroy  Island;  Edmonton;  Bel- 
lenden  Ker.  Northern  Territory.  Howard 
Springs  Reserve,  24  km  SE  Darwin,  shrubs, 
23  June  1923,  9  (J.  A.  Beatty,  BC);  Dar- 
win, March  1945,  9  (B.  Malkin,  AMNH); 
E  Alligator  Riv.,  May  1979,  $6  (P.  Davie, 
QMB).  Great  Barrier  Reef.  Lizard  Isl.,  27 
Sept.  1967,  (3  (AMS);  8  km  W  Ravenshoe, 
780  m,  6  Nov.  1962  (E.  S.  Ross,  CAS); 
Thursday  Isl.,  6  (AMS).  NEW  HEBRI- 
DES: Aore  Island,  April  1944,  9  (W.  L. 
Nutting,  MCZ). 

Argiope  radon  new  species 
Figures  317-323;  Map  5 

Argiope  sp.  "N.T.  riverine,"  M.  H.  Robinson  and  B. 
Robinson,  1980:  10,  50,  85-88,  figs.  39-41,  9  (web 
photo). 

Holotype.  Female;  two  males,  one  female,  two  ju- 
venile paratypes  from  Radon  Creek  [12.45°S, 
132.53°E],  rainforest,  Northern  Territory,  Austra- 


lia, Nov.  1979,  in  the  Queensland  Museum,  Bris- 
bane, No.  S906.  The  specific  name  is  a  noun  in 
apposition  after  the  type  locality. 

Description.  Female.  Carapace  streaked 
dark  brown,  covered  by  white  down.  Ster- 
num black,  middle  white  (Fig.  321).  Dor- 
sum of  abdomen  mottled  white,  covered 
by  white  setae,  framed  by  black,  and  pos- 
terior tip  black  (Fig.  320).  Venter  with 
two  white  lines  enclosing  three  pairs  of 
black  spots  in  black  area  (Fig.  321).  An- 
terior lateral  eyes  0.5  diameter  of  ante- 
rior median  eyes;  posterior  median  and 
posterior  lateral  eyes  subequal  to  anterior 
median  eyes.  Anterior  median  eyes  their 
diameter  apart,  two  diameters  from  lat- 
erals. Posterior  median  eyes  slightly  more 
than  their  diameter  apart,  three  diameters 
from  laterals.  The  abdomen  is  elongate, 
with  anterior  lateral  humps.  Total  length, 
18.0  mm.  Carapace,  6.3  mm  long,  5.1  mm 
wide.  First  femur,  10.5  mm;  patella  and 
tibia,  11.3  mm;  metatarsus,  11.3  mm;  tar- 
sus, 2.3  mm.  Second  patella  and  tibia,  10.8 
mm;  third,  6.0  mm;  fourth,  9.9  mm. 

Male.  Carapace  yellow-brown.  Legs 
yellow-brown,  not  banded.  Dorsum  of  ab- 
domen white;  second  specimen  with  a  dark 
folium.  Venter  with  two  white  longitudi- 
nal lines,  gray  in  between.  Carapace  near- 
ly circular.  Anterior  lateral  eyes  0.5  di- 
ameter of  anterior  median  eyes;  posterior 
median  eyes  subequal  to  anterior  medi- 
ans; posterior  laterals  0.9  diameter.  Ante- 
rior median  eyes  0.7  diameter  apart, 
0.7  from  laterals.   Posterior  median  eyes 

1.2  diameters  apart,  more  than  two  di- 
ameters from  laterals.  The  chelicerae  are 
small  and  reduced.  Total  length,  6.0  mm. 
Carapace,  3.2  mm  long,  3.2  mm  wide. 
First  femur,  4.2  mm;  patella  and  tibia,  4.7 
mm;  metatarsus,  4.7  mm;  tarsus,  1.4  mm. 
Second  patella  and  tibia,  4.5  mm;  third, 

2.3  mm;  fourth,  3.5  mm. 

Note.  The  palpal  embolus  of  one  male 
is  broken  off  and  missing. 

Diagnosis.  The  female  can  be  separat- 
ed from  Argiope  aetherea  b\  the  frame- 
like black  marks  and  shield-shaped  ab- 
domen (Fig.  320).  The  anterior  bulge  of 
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Figures  317-323.  Argiope  radon  n.  sp.  317-321.  Female.  317.  Epigynum,  ventral.  318.  Epigynum,  posterior.  319.  Epigynum, 
lateral.  320.  Carapace  and  abdomen.  321.  Sternum  and  abdomen.  322.  Left  male  palpus,  mesal.  323.  Median  apophysis  from 
"below." 

Figures  324-328.  Arigope  truk  n.  sp.,  female.  324.  Epigynum,  ventral.  325.  Epigynum.  posterior.  326.  Epigynum,  lateral.  327. 
Carapace  and  abdomen.  328.  Sternum  and  abdomen. 

Figures  329-333.  Argiope  ponape  n.  sp,  female.  329.  Epigynum,  ventral.  330.  Epigynum,  postenor.  331.  Epigynum,  lateral. 
332.  Carapace  and  abdomen.  333.  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  320,  321 ,  327,  328,  332,  333,  1 .0  mm. 
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the  epigynum  is  wider  and  the  rim  on  each 
side  more  curved  than  that  of  A.  aetherea. 
(Figs.  317-319).  The  males  differ  by  the 
median  apophysis  of  Argiope  radon  hav- 
ing a  large  spur  attached  to  near  its  bend 
(Figs.  322,  323). 

Natural  History.  M.  H.  Robinson  and 
B.  Robinson  (1980)  report  threads  span- 
ning from  riverbank  to  riverbank  above  a 
river  nowhere  more  than  5  m  wide.  The 
webs  were  aggregated  and  shared  struc- 
tural lines.  The  stabilimentum  was  present 
in  only  3  of  32  webs,  and  one  vertical  line 
was  broken  at  the  hub;  the  webs  are  large 
(100  X  75  cm),  with  eccentric  hubs  in  the 
upper  half.  Courtship  and  mating  behav- 
ior is  reported  in  M.  H.  Robinson  and  B. 
Robinson  (1980). 

Argiope  truk  new  species 
Figures  324-328;  Map  5 

Holotype.  Female  from  Moen,  Truk  Island,  Caroline 
Islands,  in  man-made  cave,  12  June  1973,  9  (J.  A. 
Beatty  and  J.  W.  Berry)  in  the  B.  P.  Bishop  Mu- 
seum, Honolulu.  The  specific  name  is  a  noun  in 
apposition  after  the  type  locality. 

Description.  Carapace  light,  streaked 
and  covered  with  white  down.  Sternum 
completely  yellow-white.  Coxae  black. 
Legs  light  and  dark  brown,  indistinctly 
banded.  Dorsum  of  abdomen  with  irreg- 
ular symmetrical  marks  forming  a  frame 
around  light  anterior  (Fig.  327).  Venter 
contrastingly  banded  (Fig.  328).  Anterior 
lateral  eye  diameter  equal  to  radius  of 
others,  which  are  subequal  in  size.  Ante- 
rior median  eyes  1.8  diameters  apart,  more 
than  2.5  from  laterals.  Abdomen  oval 
without  humps  or  lobes  and  pointed  be- 
hind (Fig.  327).  Total  length,  14.5  mm. 
Carapace,  5.6  mm  long,  4.5  mm  wide. 
First  femur,  9.0  mm;  patella  and  tibia,  9.3 
mm;  metatarsus,  8.9  mm;  tarsus,  2.0  mm. 
Second  patella  and  tibia,  9.0  mm;  third, 
4.9  mm;  fourth,  7.9  mm. 

Diagnosis.  Argiope  truk  differs  from  the 
sympatric  A.  appensa  by  the  nearly 
straight  rim  of  the  epigynum  (Fig.  324), 
lacking  the  broken  appearance  of  that  in 


A.  appensa.  The  epigynum  is  like  that  of 
A.  aetherea,  but  the  species  differs  by  not 
having  the  posterior  tip  on  the  dorsum  of 
the  abdomen  black,  and  by  having  the 
shape  of  the  abdomen  more  oval  (Fig. 
327). 

Paratypes.  CAROLINE  ISLANDS: 
Truk  Islands.  Moen,  on  roadside  shrubs  at 
night,  11  June  1973,  22  (J.  W.  Berrv,  J.  A. 
Beatty,  MCZ,  BC).  Mt.  Unibot,  Tol  Isl.,  30 
Dec.  1952,  $,  1  Jan.  1953,  2  (J.  L.  Gressitt, 
BPBM). 


Argiope  ponape  new  species 
Figures  329-333;  Map  5 

Holotype.  Female  from  Agricultural  Experiment 
Station,  Colonia,  Ponape,  Caroline  Islands,  no. 
BPBM  12513  in  the  B.  P.  Bishop  Museum,  Hono- 
lulu. The  specific  name  is  a  noim  in  apposition 
after  the  type  locality. 

Description.  Carapace  dark  brown  with 
white  down.  Sternum  yellow-white  (Fig. 
333).  Legs  brownish  black,  not  banded. 
Dorsum  of  abdomen  transversely  banded 
on  posterior  (Fig.  332;  anterior  part  of 
dorsum  damaged).  Venter  of  abdomen 
with  transverse  white  bands  connecting 
longitudinal  lines.  Abdomen  is  widest  an- 
teriorly and  lobed  posteriorly  on  the  sides 
(Figs.  332,  333).  Total  length,  15.8  mm. 
Carapace,  5.8  mm  long,  5.0  mm  wide. 
First  leg  (missing);  second  patella  and  tib- 
ia, 10.1  mm;  third,  5.6  mm;  fourth,  9.2 
mm. 

Diagnosis.  The  species  differs  from  oth- 
ers of  the  aetherea  group  by  the  dorsal 
banding  on  the  abdomen,  the  narrow  black 
and  white  stripes  being  of  almost  equal 
width  (Fig.  332),  and  by  the  two  white 
transverse  lines  connecting  the  two  par- 
axial ventral  lines  (Fig.  333).  Unfortu- 
nately, only  one  specimen  is  available, 
which  has  the  anterior  of  the  abdomen 
damaged. 

GeaC.  L.  Koch,  1843 

Gea  C.  L.  Koch,  1843:  101.  T\  pe  species  by  mono- 
typy  Gea  spinipes  C.  L.  Koch  from  "Puloloz,  Os- 
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tindien"    [?    Pulo    Lozin,    southern    Buniui,    now 
southern  tip  of  Thailand,  Gulf  of  Siani]. 
Ebaea  L.   Koch,   1872:   130.   Type  species  E.  prae- 
cincta  L.   Koch  [=Gea  heptagon   (Hentz)]  desig- 
nated h\  Bonnet,  1956:  1641. 


Note.  Unfortunately,  C.  L.  Koch's  spec- 
imen was  a  juvenile  in  shrivelled  condi- 
tion, with  uncertain  locality.  Since  the  ge- 
neric name  Gea  is  in  use,  it  is  best  to  make 
the  neotype  for  the  name  of  the  type 
species  a  specimen  belonging  to  a  wide- 
spread species  (see  below). 

Diagnosis.  Gea  differs  from  Argiope  by 
having  the  posterior  eyes  about  equally 
spaced  (Figs.  348,  353);  those  of  Argiope 
have  the  posterior  medians  farther  from 
the  laterals  than  the  posterior  medians 
from  each  other.  Gea  differs  from  both 
Argiope  and  Neogea  by  having  the  ante- 
rior head  region  bearing  the  posterior  me- 
dian eyes  swollen  (Figs.  334-337).  The 
epigynum  is  usually  weakly  sclerotized, 
the  openings  sometimes  hidden  (Figs.  338, 
376,  381)  and  appearing  more  elaborate 
and  specialized  than  those  of  most  Ar- 
giope species.  The  male  palpus  has  a  long- 
er median  apophysis  (Figs.  375,  388),  a 
more  elaborate  conductor  (Figs.  344,  361, 
388),  again  appearing  more  specialized 
than  the  palpus  of  Argiope  species,  al- 
though I  expect  that  some  species  are  in- 
termediate between  the  two  genera.  All 
Gea  species  are  relatively  small,  females 
5  to  9  mm  total  length. 

Coloration.  While  many  Argiope 
species  have  the  carapace  covered  by  sil- 
ver or  white  down,  this  is  not  usually  so 
in  Gea  (or  does  it  get  rubbed  off  more 
easily?).  The  abdomen  is  less  contrastingly 
marked  on  the  dorsum  than  in  Argiope 
species  and  often  has  a  black  folium  at  the 
posterior  end  (Figs.  348,  353,  358).  In  place 
of  the  two  ventral  paraxial  white  lines  in 
Argiope,  Gea  species  have  a  series  of  white 
splotches  (Figs.  342,  354,  372). 

Structure.  The  chelicerae  are  relatively 
weak  (Figs.  334-337).  The  abdomen  of 
most  species  is  shield-shaped  (rarely  oval), 
widest  anteriorly  and  often  with  a  pair  of 
small  anterolateral  humps  (Figs.  348,  353). 


Behavior.  We  have  most  knowledge  of 
Gea  heptagon  and  Gea  eff.  Gea  eff  has  a 
stabilimcntum  (M.  H.  Robinson  and  B. 
Robinson,  1980);  G.  heptagon  makes  a 
vertical  web  low  in  grass,  the  orb  usually 
lacking  a  stabilimcntum  (Levi,  1968). 
When  disturbed,  Gea  heptagon  drops  out 
of  the  web  and  rapidly  changes  color  once 
on  the  ground  (E.  Sabath,  1970). 

Species  and  Distribution.  There  are 
seven  species  in  the  Pacific  region  (Map 
6);  one  of  these  species,  G.  heptagon,  is 
also  known  from  the  Americas  (Levi, 
1968),  the  only  Gea  species  occurring  in 
America.  Roewer  (1942)  lists  four  species 
from  Africa;  but  these  may  be  misplaced 
or  be  synonyms  of  the  widespread  Gea 
heptagon. 

Misplaced  species: 

Gea  virginis  Strand,  1911b:  147.  Female  holotype 
from  Aru  Island  in  the  Senckenberg  Museum, 
Frankfurt,  examined,  is  a  Leucauge. 

Key  to  Pacific  area  Gea  females 

1.  Epigynum  with  a  distinct  septum  visible 
in  ventral  view  separating  two  depres- 
sions (Figs.  .34,5,  .350,  .355,  362,  368) 2 

-  Epigynum  without  septum  visible  in  ven- 

tral view  (Figs.  338,  376,  381)  5 

2(1).  Septum  continuing  anteriorly  into  a  rim 
which  frames  depressions  completely  as 
in  Figure  350;  overhang  of  depressions 
transparent  (Figs.  .350,  .351);  Burma  to 
New  Guinea,  Borneo,  Philippines  (Map 
6)  subarmata 

-  Septum  continuing  posteriorly  to  surround 

openings  as  posterior  plate  (Figs.  345, 
•355,  362,  365)  or  not  surrounding  open- 
ing   3 

3(2).  Septum  thick,  disappearing  anteriorly  and 
transforming  posteriorly  into  hemi- 
spherical posterior  plate  (Figs.  345,  346); 
New  Guinea  (Map  6)  argiopides 

-  Septum  narrow  and  continuing  anteriorly 

into  a  transverse  rim  and  posteriorly  into 
the  posterior  plate  (Figs.  355,  362,  365) 

_ 4 

4(3).  Posterior  plate  wider  than  long  in  posterior 
view  (Figs.  363,  .366,  369);  India,  Malay 

Peninsula,  Sumatra,  Borneo  (Map  6)  

spinipes 

-  Posterior  plate  longer  than  wide  with  rim 

visible  on  each  side  in  posterior  view  (Fig. 
356);  New  Guinea  (Map  6)  _ eff 
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5(1).  Epig>num  with  a  transverse  anterior  lip 
(Fig.   338);  septum   visible   in   posterior 

view  (Fig.  339);  widespread  (Map  6)  

heptagon 

Epigvnum  a  knob  without  transverse  an- 
terior lip  (Figs.  376,  381) 6 

6(5).  Septum  visible  in  anterior  or  lateral  view 
only  (Figs.  381,  383);  eastern  Australia 
(Map  6) theridioides 

-  No  septum  visible  in  anterior  or  lateral  view 
(Figs.  376,  378);  New  Guinea  (Map  6)  ... 

_ bituberculata 


Key  to  P.\cific  .area  Gea  males 

(The  males  of  Gea  argiopides,  G.  bituberculata,  and 
G.  subarmata  are  unknown.) 

1.  Embolus  coiling  on  distal  surface  of  pal- 

pus; conductor  enclosing  and  surround- 
ing bulb  (Figs.  343,  344);  widespread 
(Map  6) heptagon 

-  Embolus   coiling   on   mesal   side   of   bulb; 

conductor  projecting  (Figs.  360,  375, 
387)  2 

2.  Conductor    tuberculate    (Figs.    387.    388); 

long  median  apophysis  without  spur 
(Figs.  387,  388);  eastern  Australia  (Map 
6)  theridioides 

-  Conductor  smooth  (Figs.  360,  375);  medi- 

an apophysis  with  spur  _ 3 

3.  Conductor  hiding  most  of  embolus  in  mes- 

al view  (Figs.  360,  375);  spur  almost  as 
long  as  median  apophysis  (Fig.  360);  New 

Guinea  (Map  6)  eff 

Conductor  only  partly  hiding  embolus  in 
mesal  view  (Fig.  375);  spur  on  small 
thorn  on  long  median  apophysis  (Fig. 
375);  India,  southeastern  Asia,  Sumatra, 
Borneo  (Map  6) _ spinipes 


Gea  heptagon  (Hentz) 

Figures  334,  335,  338-344;  Map  6 

Epeira  heptagon  Hentz,  1850:  20,  pi.  3,  figs.  5,  6,  96. 
Type  specimen  from  North  Carolina  and  Ala- 
bama, United  States,  destro\'ed. 

Ebaea  praecincta  L.  Koch,  1872:  130,  pi.  10,  figs.  2, 
3,  9,  S.  Two  female  syntypes  from  Upolu,  Samoa 
in  the  Zoologisches  Museum,  Universitat  Ham- 
burg, examined.  NEW  SYNONYMY 

Gea  praecincta: — Simon,  1895:  765,  fig.  844.  Roewer, 
1942:  746.  Bonnet,  1957:  1983.  NEW  SYNONY- 
MY. 

Gea  heptagon: — Levi,  1968:  324,  figs.  1-24,  map  1. 

Diagnosis.  The  female  can  be  separat- 
ed from  other  Gea  species  by  the  shape 
of  the  epigynum:  a  prominent  straight  rim 
with    a    transverse    anterior    pocket    and 


openings  facing  posterodorsallv  (Figs.  338- 
340). 

The  male  can  be  separated  from  other 
Gea  species  by  the  apical  position  of  the 
embolus  whose  tip  is  held  by  a  gently 
curved  conductor  which  surrounds  the 
bulb  (Figs.  343,  344). 

Variation.  Some  specimens  from  Aus- 
tralia have  anterior  humps  on  the  abdo- 
men, others  do  not  (Fig.  341). 

Note.  This  is  the  first  time  that  the 
species  has  been  recorded  outside  of  the 
Americas.  Since  it  is  the  only  American 
Gea,  with  several  other  Australian  Gea 
species,  I  suspect  it  originally  came  from 
Australia.  The  illustrations  were  made 
from  a  specimen  from  Darwin,  Northwest 
Territory. 

Distribution.  Southeastern  United 
States,  West  Indies  (Levi,  1968),  South  Pa- 
cific, Australia  (Map  6). 

Records.  MARIANA  ISLANDS:  Sai- 
pan.  Sugar  King  Monument,  30  June  1969, 
2  (E.  Sabath,  MCZ).  CAROLINE  IS- 
LANDS: Truk  Isl.  Moen,  on  abandoned 
building,  12  June  1973,  9  (J.  A.  Beatty,  J. 
W.  Berry,  BC).  AUSTRALIA:  Northern 
Territory.  Darwin,  3-13  Feb.  1945,  2,  6 
(B.  Malkin,  AMNH).  Queensland.  Gor- 
donvale,  6  (AMS);  Rockhampton,  22 
(ZMH).  New  South  Wales.  Sydney,  $ 
(ZMH). 

Gea  argiopides  Strand 
Figures  345-349;  Map  6 

Gea  argiopides  Strand,  1911b:  146,  pi.  4,  fig.  10,  pi. 
5,  fig.  51,  2.  Female  holotype  from  Seltoeti  Ko- 
broor,  Aru  Island  in  the  Senckenberg  Museum, 
Frankfurt,  examined.  Roewer,  1942:  746.  Bonnet, 
1957:  1982. 

Note.  The  illustrations  were  made  from 
specimens  from  the  Central  Province,  Pa- 
pua New  Guinea. 

Diagnosis.  Gea  argiopides  differs  from 
other  Gea  species  by  the  distinct  epigy- 
num: a  straight  anterior  edge  of  the  rim, 
lacking  a  posterior  edge,  and  a  septum 
continuing  posteriorly  into  a  large  hemi- 
spherical posterior  plate  (Figs.  345,  346). 

Record.  PAPUA  NEW  GUINEA:  Cen- 
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Map  6.     Distribution  of  Gea  and  Neogea  species,  and  the  Pacific  distribution  of  G.  heptagon. 


tral  Prov.  Sogeri  Plateau,  near  Sogeri,  1000 
m,  1  May  1980,  2  (Y.  Lubin,  MCZ). 


Gea  subarmata  Thorell 
Figures  350-354;  Map  6 

Gea  subarmata  Thorell,  1890:  101.  Female  syntype 
from  Sarawak  in  the  Museo  Civico  di  Storia  Nat- 
urale,  Geneva,  and  two  female  syntypes  from  Sin- 
gapore and  two  from  Java  in  the  Naturhistoriska 
Riksmuseet,  Stockholm,  examined.  Roewer,  1942: 
746.  Ronnet,  1957:  1984. 


Gea  catenulata  Thorell,  1898:  339.  Female  holotype 
from  Teinzo  [':'  Teinsan],  Rurma  in  the  \4useo  Civ- 
ico di  Storia  Naturale,  Geneva  examined.  Roewer, 
1942:  745.  Ronnet,  1957:  1982.  NEW  SYNONY- 
MY. 

Gea  brongersmai  Chrysanthus,  1971:  18,  figs.  26-29, 
9.  Female  paratype  from  Tanah  Merah,  Star 
Mountains  Exped.,  West  New  Guinea  in  the  Rijks- 
museum  van  Natuurlijke  Historie,  Leiden,  exam- 
ined. NEW  SYNONYMY. 

Gea  corbetti  Tikader,  1982:  109,  figs.  205-210,  9. 
Female  holotype  from  Corbett  National  Park, 
Dhikala,  Dist.  Pauri,  Uttar  Prades  State,  India  in 
the  Zoological  Survey  of  India,  Calcutta,  unavail- 
able. NEW  SYNONYMY. 
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Note.  The  specimens  called  G.  subar- 
mata  by  Kulczynski  (1910,  1911)  are  Gea 
eff;  they  were  misidentified.  The  type  of 
Gea  brongersmai  Chrysanthus  has  a 
slightly  wider,  shorter  septum.  Chrysan- 
thus' illustration  of  the  epigynum  is  poor 
and  does  not  show  the  diagnostic  trans- 
parent overhang  of  the  depression.  The 
illustrations  (Figs.  351-354)  were  made 
from  the  holotype  of  Gea  catemilata.  Fig- 
ure 350  from  a  syntype  of  G.  subarinata. 

Diagnosis.  Gea  subarinata  is  distin- 
guished from  other  species  of  Gea  by  the 
rim  of  the  circular  epigynum  completely 
surrounding  and  framing  the  depression 
(Figs.  350,  351).  The  overhanging  part  of 
the  rim  is  transparent  and  thus  its  edge  is 
quite  difficult  to  see. 

Distribution.  India,  Burma,  Philip- 
pines, Borneo,  to  New  Guinea  (Map  6). 

Records.  BURMA:  Tharrawaddv,  49 
(Gates,  BMNH);  29  (Gates,  NRS).'SIN- 
GAPGRE:  29  (Kinberg,  NRS).  PHILIP- 
PINES: Luzon.  Los  Baiios,  9  (Baker.  MCZ). 
MALAYSIA:  Sabah.  Manuluk  Isl.,  Kota 
Kinabalu,  29  Julv  1979,  9  (MC).  INDG- 
NESIA:  Sebesi  IsL,  1921,  9  (AMNH).  Java. 
29  (Kinberg,  NRS). 

Gea  eff  new  species 

Figures  336-337,  355-361 ;  Map  6 

Gea  suharmata: — Kulczynski,  1911:  476,  pi.  20,  figs. 
48,  49.  Misidentification;  not  G.  sulmrmata  Thn- 
rell. 

Argiope  "F": — B.  C.  Robinson  and  M.  H,  Robinson, 
1974:  146.  M.  H.  Robinson.  Lubin,  antl  B.  Robin- 
son, 1974:  126.  M.  H.  Robinson  and  B.  Robinson, 
1980:  71,  111,  figs.  55-57,  9. 

Holotype.  Female  and  three  female  paratypes  and 
fragments  of  male  from  McAdam  Park,  near  Wau, 
Morobe  Province,  Papua  New  Guinea,  12  June  1974 
(M.  Robinson)  in  the  Museum  of  Comparati\e  Zo- 
ology. The  specific  name  is  an  arbitrar\  combi- 
nation of  letters. 

Description.  Female.  Carapace  brown, 
head  light.  Sternum  with  longitudinal 
white  stripe  on  black  (Fig.  359).  Legs 
banded.  Dorsum  of  abdomen  with  trans- 
verse bands,  posterior  with  V)lack  foliimi 
(Fig.  358).  Anterior  lateral  eyes  0.5  di- 
ameter of  anterior  medians;  others  sub- 


equal  in  size.  Anterior  medians  slightly 
more  than  their  diameter  apart,  their  di- 
ameter from  laterals.  Posterior  median 
eyes  slightly  more  than  their  diameter 
apart,  the  same  distance  from  laterals.  To- 
tal length,  6.6  mm.  Carapace,  3.2  mm 
long,  2.5  mm  wide.  First  femur,  3.3  mm; 
patella  and  tibia,  3.8  mm;  metatarsus,  2.9 
mm;  tarsus,  1.3  mm.  Second  patella  and 
tibia,  3.8  mm;  third,  2.2  mm;  fourth,  3.2 
mm. 

Male.  Carapace,  sternum,  legs  beige. 
Dorsum  of  abdomen  with  scattered  white 
pigment  spots;  indications  of  a  dark  fo- 
lium posteriorly.  Venter  has  white  pig- 
ment concentrated  in  two  white  spots,  side 
by  side.  Posterior  median  eyes  slightly 
smaller  than  anterior  medians;  anterior 
laterals  0.5  diameter  of  anterior  medians; 
posterior  laterals  same  diameter  as  ante- 
rior medians.  Anterior  medians  their  di- 
ameter apart,  0.5  diameter  from  laterals. 
Posterior  medians  1.5  diameters  apart,  1.5 
diameters  from  laterals.  Chelicerae  re- 
duced. Total  length,  3.0  mm.  Carapace, 
1.9  mm  long,  1.7  mm  wide.  First  femur, 
2.2  mm;  patella  and  tibia,  2.5  mm;  meta- 
tarsus, 2.2  mm;  tarsus,  0.9  mm.  Second 
patella  and  tibia,  2.3  mm;  third,  1.3  mm; 
fourth,  1.8  mm. 

Diagnosis.  Gea  eff  can  be  separated 
from  the  other  species  by  the  epigynum, 
whose  posterior  plate  curves  into  the 
depression  and  is  deeply  hollowed  out  on 
each  side  of  the  septum  (Fig.  355).  The 
palpus  differs  from  that  of  other  species 
by  having  a  relatively  short  median 
apophysis  with  a  long  straight  side  spur 
from  the  mesal  end  (Figs.  360,  361).  The 
conductor  tip  is  large  and  smooth  (Figs. 
360,  361). 

Natural  History.  This  species  has  been 
collected  sweeping  in  coconut  plantations 
and  forest.  B.  C.  Robinson  and  M.  H.  Rob- 
inson (1974)  report  that  G.  eff  builds  its 
web  below  the  upper  margins  of  herb 
patches  in  tall  grass  (M.  H.  Robinson,  Lu- 
bin, and  B.  Robinson,  1974).  It  has  a  cru- 
ciform stabilimentum  whose  branches  do 
not  cross  the  hub  (M.  H.  Robinson  and  B. 
Robinson,  1980).  Courtship  and  mating  are 
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Figures  334-337.     Gea.  female  eye  region  and  chelicerae,  face  view  and  lateral.  334,  335.  G.  heptagon.  336,  337.  G.  eff. 

Figures  338-344.     Gea  heptagon  {HenXz).  338-342.  Female.  338.  Epigynum,  ventral,  339.  Epigynum,  posterior.  340.  Epigynum, 
lateral,  341,  Carapace  and  abdomen,  342,  Sternum  and  abdomen,  343,  344.  Left  male  palpus.  343.  Mesal.  344.  Ventral. 

Figures  345-349.     Gea  argiopides  Strand,  female.  345.  Epigynum,  ventral,  346,  Epigynum,  posterior.  347.  Epigynum,  lateral. 

348.  Carapace  and  abdomen.  349.  Sternum  and  abdomen. 

Figures  350-354.     Gea  subarmata  Thorell,  female,  350,  351,  Epigynum,  ventral,  352,  Epigynum,  lateral.  350.  (Sarawak).  351, 

352.  (Burma),  353,  Carapace  and  abdomen,  354,  Sternum  and  abdomen. 

Scale  lines.  0.1  mm,  except  Figures  341,  342,  348,  349,  353,  354,  1,0  mm. 
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described  in  M.  H.  Robinson  and  B.  Rob- 
inson, 1980. 

Paratypes.  PAPUA  NEW  GUINEA: 
Madang  Distr.  10  km  N  Madang,  20 
March  1979,  2  (H.  Levi,  Y.  Lubin,  B.  Rob- 
inson, MCZ);  40  km  S  Madang,  21  March 
1979,  9  (H.  Levi,  Y.  Lubin,  AMS);  near 
Alexishafen,  23  March  1979,  S  (H.  Levi, 
B.  Robinson,  MCZ).  Morobe  Distr.  Oom- 
sis,  35  km  W  Lae-Bulolo  road,  26-28  April 
1959,  2  (Archbold  Exped.,  AMNH);  Wau, 
1200  m,  July  1974,  2  (E.  W.  Classey,  MC). 
Central  Distr.  Galley  Reach.  Aroana  Es- 
tate, 19-25  March  1966,  2  (G.  Bush,  MCZ). 
Louisiade  Archipelago.  Sudest  Isl.,  Sept. 
1956,  2  (Archbold  Exped.,  AMNH).  New 
Britain.  2  (NMW). 

Gea  spinipes  C.  L.  Koch 
Figures  362-375;  Map  6 

Gea  spinipes  C.  L.  Koch,  1843:  101,  pi.  823.  Shri- 
velled juvenile  from  "Puloloz,  Ostindien,"*  lost, 
probably  destroyed. 

Pronous  chelifer  Hasselt,  1882:  24,  pi.  2,  fig.  3,  pi.  4, 
figs.  7-10,  6.  Male  holotype  (without  abdomen) 
from  Sumatra  in  the  Rijksmuseum  van  Natuurlijke 
Historie,  Leiden,  examined.  NEW  SYNONYMY. 

Gea  decorata  Thorell,  1890:  104.  Female  syntype 
from  Singeibulu,  Sumatra  in  the  Museo  Civico  di 
Storia  Naturale,  Genova,  examined.  Workman, 
1896:  23,  pi.  23,  3.  Roewer,  1942:  745.  Bonnet, 
1957:  1982.  NEW  SYNONYMY. 

Gea  festiva  Thorell,  1895:  166.  Two  female  syntypes 
from  Tharawaddy,  Burma  in  the  British  Museum, 
Natural  History,  and  one  female  from  same  local- 
ity in  Naturhistoriska  Riksmuseet,  Stockholm,  ex- 
amined, one  female  syntype  from  Singapore  in  the 
National  Museum  of  Ireland,  not  examined.  Roe- 
wer, 1942:  745.  Bonnet,  1957:  1982.  NEW  SYN- 
ONYMY, 

Gea  festiva  nigrifrons  Simon,  1901:  59.  Female  type 
from  Yala,  near  Battani,  Thailand  and  Bukit  Bekit, 
Jalor,  lost;  not  in  Paris  or  London  collections. 

Neotype.  Female  from  Erasers  Hill,  Malaysia,  1  June 
1981  (W.  C.  Sedgwick)  in  the  Museum  of  Com- 
parative Zoology. 


*  Ostindien — Name  fiir  Vorder-u.  Hinterindien 
und  den  Malaiischen  Archipel  [Name  for  India.  In- 
dochina, and  Indonesia]  (Knaurs  Lexikon,  1978  edit.). 
The  locality  is  most  likely  in  Malaysia  or  Indonesia 
because  "Pulo"  =  island;  it  may  have  been  Pulo  Loz- 
in  (southern  Burma,  now  southern  Thailand),  the  "in" 
(German  "In."  =  Island)  having  been  dropped. 


Notes.  The  generic  name  Gea  has  been 
used  since  the  1890's,  although  Koch's  de- 
scription of  G.  spinipes,  the  type  species 
of  the  generic  name,  is  not  recognizable. 
For  stability's  sake,  a  neotype  is  here  des- 
ignated from  Malaysia  belonging  to  the 
commonest  and  most  widespread  south- 
east Asian  species  of  Gea.  Simon  and  Tho- 
rell cite  the  name  Gea  spinipes,  but  had 
apparently  no  determined  specimens  of 
this  species. 

Pronous  chelifer  had  previously  been 
synonymized  with  Argiope  catenulata 
(Roewer,  1942). 

The  illustrations  (Figs.  362-364,  371, 
372)  were  made  from  specimens  from 
Karnatake,  India;  Figures  365-367,  373, 
374  from  a  syntype  of  Gea  festiva  Thorell 
from  Burma;  Figures  368-370  from  a  syn- 
type of  Gea  decorata  Thorell,  Figure  375 
from  a  specimen  from  Vietnam. 

Diagnosis.  Gea  decorata  can  be  sepa- 
rated from  other  Gea  species  by  the  dorsal 
abdominal  pattern  having  a  median  row 
of  black-framed  white  patches,  and  small- 
er white  patches  to  the  sides  (Figs.  371, 
373).  It  differs  from  G.  eff  by  having  the 
posterior  plate  of  the  epigynum  wider  than 
long  (Figs.  363,  366,  369);  its  sides  often 
completely  fill  the  depression  and  curl 
within  it  (Fig.  365).  The  epigynum  of  Gea 
decorata  could  be  confused  with  that  of 
Argiope  doboensis  and  A.  dietrichae,  but 
the  larger  posterior  median  eyes  and  ab- 
domen pattern  separate  the  species. 

The  male  palpus,  unlike  that  of  other 
Gea  species  but  like  G.  theridioides,  has 
an  enormous  median  apophysis  projecting 
under  the  conductor  (Fig.  375).  It  differs 
from  that  of  G.  theridioides  by  having  a 
smaller  conductor  (Fig.  375). 

Distribution.  Indochina  to  India,  In- 
donesia, Borneo  (Map  6). 

Records.  VIETNAM:  Con  Son  Isl,  Nov. 
1966,  6  (MCZ).  BURMA:  Tharrawaddv,  2 
(Gates,  NRS).  MALAYSIA:  Malay  Pen- 
insula. Perak,  Maxwell's  Hill,  17  Feb. 
1974,  2  (W.  C.  Sedgwick,  MCZ);  Eraser's 
Hill,  8  June  1976,  2  (W.  C.  Sedgwick,  SC); 
Johor  [Johore],  Layang-Layang,  remnant 
jungle,  25  July  1979,  2  (J.  and  F.  Murphy, 
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Figures  355-361.  Gea  effn.  sp.  355-359.  Female.  355.  Epigynum,  ventral.  356.  Epigynum,  posterior.  357.  Epigynum,  lateral. 
358.  Carapace  and  abdomen.  359.  Sternum  and  abdomen.  360,  361.  Left  male  palpus.  360.  Mesal.  361.  Ventral. 

Figures  362-375.  Gea  spinipes  C.  L.  Koch.  362-374.  Female.  362,  365,  368.  Epigynum,  ventral.  363,  366,  369.  Epigynum, 
posterior.  364,  367,  370.  Epigynum,  lateral.  362-364.  (India).  365-367.  (Burma).  368-370.  (Sumatra).  371,  373.  Carapace  and 
abdomen.  372,  374.  Sternum  and  abdomen.  371,  372.  (India).  373,  374.  (Burma).  375.  Left  male  palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  358,  359,  371-374,  1.0  mm. 
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MC).  Selangor.  Kepong,  22  April  1921,  9 
(H.  C.  Abraham,  ZRC);  Port  Dickson,  Dec. 
1924,  2  (ZRC).  Sarawak.  Kuching,  4  April 
1978,  9  (K.  Krishna,  AMNH).  SINGA- 
PORE: 9  (Workman,  NRS);  mangroves,  21 
May  1922,  9  (H.  C.  Abraham,  ZRC).  IN- 
DIA: Karnstaka,  Dandeh  [railroad  station, 
15°15'N,  74°37'E],  530  m,  Nov.  1979,  9  (W. 
Eberhard,  MCZ).  INDONESIA:  Sumatra. 
Siberut  Isl.,  Sept.  1924,  9  (C.  B.  Kloss,  N. 
Smedley,  ZRC).  East  Borneo  [Kaliman- 
tan]. Maratoea  Isl.  [Maratua],  3  (E.  Mjo- 
berg,  NRS). 

Gea  bituberculata  (Thorell) 
Figures  376-380;  Map  6 

Ebaea  bituberculata  Thorell,  1881:  60.  Female  ho- 
lot\pe  from  Hatam,  Arfak  Mountains,  southwest 
of  Dorei,  New  Guinea  [Dore  Baai,  Vogelkop  Pen- 
insula, West  Irian]  in  the  Museo  Civico  di  Storia 
Naturale,  Genova,  examined. 

Gea  bituberculata: — Roewer,  1942:  746.  Bonnet, 
1957:  1982. 

Note.  The  illustrations  were  made  from 
the  holotype. 

Diagnosis.  This  small  species  differs 
from  Gea  theridioides  by  the  shape  of  the 
epigynum:  the  septum  has  expanded  and 
wrapped  around  other  features,  including 
the  anterior  face  of  the  epigynum  (Figs. 
376-378). 


Gea  theridioides  (L,  Koch) 
Figures  381-388;  Map  6 

Ebaea  theridioides  L.  Koch,  1872:  132,  i)l.  10,  fig.  4, 
9.  Female  holotype  from  Port  Mackay,  Queens- 
land, Australia  in  Zoologisches  Museum,  Univer- 
sitat  Hamburg,  lost.  One  female  from  Peake  Downs 
[Queensland,  Australia]  in  the  Godeffro\  collection 
here  designated  lectotype  in  the  Naturhistorisches 
Museum,  Wien,  examined. 

Argiope  curvipes  Keyserling,  1886:  13.5,  pi.  11,  fig. 
1,  6.  Male  holotype  from  Gayndah,  Peake  Downs 
[southeastern  Queensland]  in  the  British  Museum. 
Natural  History,  e.xamined.  NEW  SYNONYMY. 

Gea  theridioides. — Roewer,  1942:  746.  Bonnet,  1957: 
1984.  Mascord,  1970:  78,  pi.  35,  fig.  137,  2. 

Notes.  The  specimen  marked  lectotype 
had  been  registered  as  a  type  in  the  cat- 
alog of  the  Naturhistorisches  Museum,  Vi- 


enna. Males  and  females  have  not  been 
collected  together,  thus  there  is  some  doubt 
as  to  whether  they  belong  together. 

The  female  genitalia  illustrations  (Figs. 
381-383)  were  made  from  a  specimen 
from  Sydney;  Figure  384  from  a  specimen 
from  Currawong.  Three  other  females 
with  the  Currawong  specimen  had  the 
posterior  plate  as  in  Figure  382.  The  ab- 
domen may  be  oval  or  with  anterior 
humps  (Fig.  385).  The  male  genitalia  il- 
lustrations (Figs.  387,  388)  were  made 
from  a  specimen  labeled  E.  praecincta 
from  Sydney  in  the  British  Museum,  Nat- 
ural History  collection. 

Diagnosis.  The  female  can  be  separat- 
ed from  other  Gea  by  the  unusually 
shaped  epigynum:  the  posterior  plate  con- 
tinues ventrally  into  a  flat  plate  enclosing 
a  median  wrinkled  septum  (Figs.  381- 
384),  visible  from  anterior  or  the  sides.  The 
male,  unlike  other  species,  has  sculpturing 
on  the  outside  of  the  tip  of  the  conductor 
and  the  median  apophysis  is  a  long,  worm- 
shaped  structure  without  a  spur  (Figs.  387, 
388). 

Distribution.  Queensland,  New  South 
Wales  (Map  6).  Roewer  (1942)  reports  this 
species  from  New  Guinea  and  Samoa, 
probably  an  error. 

Records.  AUSTRALIA:  Queensland. 
Rockhampton,  9  (ZMH);  Peake  Downs,  9 
(ZMH);  9  (NMW);  Gayndah,  9  (ZMH);  9 
(NMW);  Colosseum,  Nov.,  9  (E.  Mjoberg, 
NRS).  New  South  Wales.  Wyangarie,  9 
(AMS);  Boggabilla,  10  March  1970,  9  (M. 
J.  Cann,  AMS);  Currawong,  2  Oct.  1965, 
99  (R.  Mascord,  AMS);  Sydney,  6  (BMNH); 
99,  juv.  6  (ZMH).  Australian  Capit.  Terr. 
Canberra,  6  April  1963,  9  (C.  R.  Mac- 
Lellan,  CSIRO),  7  March  1970,  99  (H.  Ev- 
ans, AMS). 

Neogea  new  genus 

Type   species.    Araneus   egregius    Kulcz>nski.    The 
gender  is  feminine. 

Diagnosis.  Neogea  differs  from  Ar- 
giope by  having  the  posterior  eyes  about 
equally  spaced,  the  medians  the  same  dis- 
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Figures  376-380.  Gea  bituberculata  (Thorell),  female.  376.  Epigynum,  ventral.  377.  Epigynum,  posterior.  378.  Epigynum, 
lateral.  379.  Carapace  and  abdomen.  380.  Sternum  and  abdomen. 

Figures  381-388.  Gea  thehdioides  (L.  Koch).  381-386.  Female.  381.  Epigynum,  ventral.  382,  384.  Epigynum,  posterior.  383. 
Epigynum,  lateral.  381-383.  (Sydney,  Australia).  384.  (Currawong,  Australia).  385.  Carapace  and  abdomen.  386.  Sternum  and 
abdomen.  387,  388.  Male  left  palpus.  387.  Mesal.  388.  Ventral. 

Scale  lines.  0.1  mm,  except  Figures  379,  380,  385,  386,  1.0  mm. 


tance  from  each  other  as  from  the  poste-  tized  (Figs.  393,  394,  398,  399,  400,  401), 

rior  laterals.  Neogea  differs  from  both  Gea  and  the  palpal  embolus  one  piece  sitting 

and  Argiope  by  having  the  head  region  of  on  the  tegulum  (Figs.  397,  406)  rather  than 

the  carapace  behind  the  eyes  swollen  (Figs,  being  attached  to  an  intermediate  sclerite, 

390,  392),  the  epigynum   weakly  sclero-  the  stipes. 


I 
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Coloration.  All  species  have  the  cara- 
pace black  with  white  setae  covering  the 
head  and  sometimes  the  sides  of  the  tho- 
rax. The  abdomen  is  black  with  paired 
and  median  w  hite  or  silver  patches  (Figs. 
395,  402,  404).  The  venter  has  paraxial 
white  marks  (Figs.  396,  403,  405)  as  in 
Argiope,  not  like  the  splotches  of  Gea. 

Structure.  The  chelicerae  are  qnite 
strong,  with  a  distinct  proximal  condyle 
(Figs.  389-392).  The  abdomen  of  both 
species  is  drawn  out  posteriorly  and  over- 
hangs the  spinnerets  (Figs.  396,  403,  405). 
The  palpus  of  N.  egregia  has  a  twisted 
flap  at  the  base  of  the  embolus  (Fig.  397). 
Perhaps  this  breaks  off  when  mating  and 
plugs  the  epigynum.  If  this  is  the  case,  the 
palpus  of  N.  nocticolor  examined  might 
be  of  a  mated  male  and  that  of  N.  egregia 
of  a  virgin  male. 

Behavior.  Neogea  females  are  known  to 
decorate  their  webs  with  egg-sacs  (Sher- 
riffs,  1928)  (Plate  2).  Also,  as  in  Gastera- 
cantha,  the  frame  lines  have  tufts  of  silk 
(M.  H.  Robinson,  personal  communica- 
tion). 

Species.  There  are  only  two  species:  N. 
nocticolor  and  N.  egregia. 

Distribution.  India  to  New  Guinea. 


Key  to  Species  of  Neogea 

1 .         Males 2 

-  Females  3 

2(1).    Conductor   curved   and   with   pointed   tip 

(Fig.    406);    India,    Burma    to    Sumatra 

(Map  6) nocticolor 

Conductor  straight  with  a  distal  notch  (Fig. 

397);  New  Guinea  (Map  6)  egregia 

3(1).  Posterior  median  eyes  appearing  large, 
separated  b\  a  distance  equal  to  1.5  times 
their  diameter  (Figs.  391,  392,  402,  404); 

India,  Burma  to  Indonesia  (Map  6)  

nocticolor 

-  Posterior  median  eyes  small,  separated  by 

a  distance  equal  to  two  diameters  (Figs. 


389,  390,  395);  New  Guinea  (Map  6) 


egregia 


Neogea  egregia  (Kulczynski) 
new  combination 

Figures  389,  390,  393-397;  Map  6 

Araneus  egregitis  Kulczynski,  1911:  479,  pi.  20,  fig. 
51,  9.  Female  holotype  from  Napan,  West  Irian  in 
the  Polish  .Academy  of  Sciences,  Warsaw,  exam- 
ined. Roewer,  1942':  827,  Bonnet.  1955:  499. 

Diagnosis.  This  species  is  black  except 
for  the  head  and  the  white  patches  on  the 
abdomen  (Figs.  395,  396).  The  female  dif- 
fers from  N.  nocticolor  by  being  larger  in 
size  and  bv  having  relatively  smaller  eyes 
(Fig.  395).' 

The  male  has  a  heavier  embolus  (Fig. 
397)  than  the  male  of  N.  nocticolor,  a 
twisted  sclerite  near  the  base  of  the  em- 
bolus, and  the  spur  of  the  median  apoph- 
ysis curved  up  toward  the  tip  of  the  em- 
bolus (Fig.  397). 

Records.  PAPUA  NEW  GUINEA:  Mo- 
robe  Distr.  Oomsis,  near  Lae,  7  Dec  1979, 
9  (M.  Robinson,  MCZ);  Buso,  4  May  1979, 
S  (M.  Robinson,  MCZ). 

Neogea  nocticolor  (Thorell) 
new  combination 

Figures  391,  392,  398-406;  Map  6 

Gea  nocticolor  Thorell,  1887:  170.  Two  female  syn- 
types  from  Bhamo,  Burma  in  the  Zoologisches  Mu- 
seum, Universitat  Hamburg,  examined. 

Gea  guttata  Thorell,  1890:  107.  Juvenile  holotype 
from  Sungeibulu  [Sungaibulu],  Sumatra  in  the  Mu- 
seo  Civico  di  Storia  Naturale,  Genova,  examined. 
NEW  SYNONYMY. 

Gea  htgens  O.  P.— Cambridge,  1899:  520,  pi.  29,  fig. 
3,  9.  Female  holotype  from  Singapore  in  the  Hope 
Entomological  Collections,  Oxford  Universitv,  ex- 
amined. NEW  SYNONYMY. 

Gea  diadema  Hogg,  1920:  92,  pi.  9,  fig.  6.  Female 
holotype  in  poor  condition  from  Sungei  Kumbang 
[Kambang],  Knrinchi  Peak  [Kerintji],  1400  m,  West 


Plate  2.     Neogea  egregia  (Kulczynski).  Above,  female  and  male.  Below,  female  from  New  Guinea  in  web  having  a  stabilimentum 
and  four  egg-sacs  on  a  line  above  (photo  M.  Robinson). 
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Sumatra  in  the  British  Museum,  Natural  History, 
examined.  NEW  SYNONYMY. 
Argiopt'  lalita  Sherriffs.  1928:  186,  figs.  3-7,  9<3.  Male 
holotype  without  palpi,  two  female  paratypes  from 
Charlotte  Estate,  Sidapur,  S.  Coorg  [West  of  My- 
sore, Mysore  State],  India  in  the  British  Museum, 
Natural  History,  examined.  Roewer,  1942:  738. 
Bonnet,  1955:  687.  NEW  SYNONYMY. 

Notes.  The  type  of  Gea  guttata  is  a 
juvenile,  4.3  mm  total  length,  with  the 
same  diagnostic  coloration,  white  head  se- 
tae and  posterior  median  eyes  as  in  G. 
nocticolor  Thorell. 

The  illustrations  (Figs.  398,  399,  402, 
403)  were  made  from  the  paratype  of  A. 
lalita;  Figures  400,  401,  404,  405  from  the 
holotype  of  Gea  liigens. 

The  male  was  not  collected  with  a  fe- 
male; it  is  all  black,  except  for  the  proxi- 
mal ends  of  the  femora  (which  are  also 
light  in  females).  None  of  the  legs  of  the 
male  are  modified. 

The  male  holotype  of  A.  lalita  has  the 
distal  article  of  both  palpi  missing,  and 
Sherriffs'  illustration  shows  only  the  palpal 
tibia.  The  abdomen  shape  of  the  syntypes 
of  G.  nocticolor  is  more  like  that  of  A. 
lalita:  drawn  out  behind  and  with  two 
small  anterior  humps  on  the  dorsum,  and 
three  posterior  white  wedge-shaped 
patches  on  the  abdomen. 

Diagnosis.  Neogea  nocticolor  differs 
from  N.  egregia  in  having  larger,  more 
closely  spaced  eyes  (Figs.  402,  404).  The 
male  differs  from  that  of  N.  egregia  by 
the  longer,  more  slender  embolus  and 
conductor,  and  by  the  shape  of  the  me- 
dian apophysis,  which  has  a  filiform  spur 
extending  in  a  proximal  direction  (Fig. 
406). 

Distribution.  India,  Burma  to  Sumatra 
(Map  6). 

Records.  BURMA:  Tharrawaddv,  9 
(Oates,  BMNH);  Bhamo,  39  (NRS).  MA- 


LAYSIA: Malay  Peninsula.  Genting,  18- 
22  Aug.  1979,  3  (F.  Murphy  and  J.  Mur- 
phy, MC).  INDONESIA:  Sumatra.  Fort 
de    Kock    [Bukittinggi],    59    (Jacobson, 

NMVV). 
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pumila,  Argiope,  292 
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rotunda,  Gea,  314 
sachalinensis,  Argiope,  262 
schoenigi,  Argiope,  308 
shillongensis,  Argiope,  298 
sikkimensis,  Argiope,  279 
"Singapore  no.  1,"  Argiope,  273 
sp.  "F",  Argiope,  324 
sp.  "N.T.  riverine,"  Argiope,  318 
sp.  "Singapore,  no.  1,"  Argiope,  273 
sp.  "Wau  no.  5,"  Argiope,  273 
spinipes,  Gea,  326,  327* 
spinipes,  Gea,  294 
squallica,  Argiope,  310 
stellata,  Epeira,  274 
striata,  Epeira,  273 
subarmata,  Gea,  323,  325* 
subarmata,  Gea,  324 
succincta,  Argiope,  305 
syrmatica,  Argiope,  284 
takum,  Argiope,  296,  297* 
tangana,  Argiope  aetherea,  313 
taprobanica,  Argiope,  302,  303* 
thai,  Argiope,  291*,  292 
theridioides,  Ebaea,  328 
theridioides,  Gea,  328,  329* 
trifasciata,  Aranea,  286 
trifasciata,  Argiope,  286,  287* 
trifasciata,  Epeira,  276 
trifasciata,  Metargiope,  286 
tristipes,  Argiope  avara,  313 
trivittata,  Argiope,  273 
truk,  Argiope,  319*,  320 
turricula,  Argiope  ornatus,  274 
udjirica,  Argiope,  313 
undulata,  Argiope,  304 
vanicoriensis,  Argiope,  312 
variabilis,  Argiope,  313 
verecunda,  Argiope,  313 
versicolor,  Argiope,  261*,  305,  307* 
versicolor,  Epeira,  305 
viabilior,  Argiope,  262 
virginis,  Gea,  321 
"Wau  no.  5,"  Argiope,  273 
wogeonicola,  Argiope,  314 
wolfi,  Argiope,  313 
zabonica,  Miranda,  282 
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Abstract.  The  history  of  the  classification  and  the 
relationships  of  the  American  Characidae  is  re- 
viewed in  terms  of  phylogenetic  principles.  Current 
characid  systematics  is  found  unstable  and  unsatis- 
factory from  typological  and  phylogenetic  points  of 
view.  We  predict  that  the  classification  of  the  Amer- 
ican characids  and  that  of  all  characiforms  will  be 
subject  to  much  reinterpretation  and  rearrangement 
through  future  phylogenetic  analyses. 

The  three  known  species  of  neon  tetras  are  used 
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as  an  example  of  phylogenetic  analysis  within  the 
American  Characidae.  This  analysis  exemplifies  the 
difficulties  of  an  initial  phylogenetic  study  of  a  taxon 
with  many  ill-defined  subgroups. 

These  three  species  previously  were  placed  in  two 
characid  subfamilies  and  three  genera  as  follows: 
Hijphessohrycon  simulans,  the  green  neon,  in  the 
Tetragonopterinae;  Cheirodon  axelrodi,  the  cardinal 
tetra,  and  Paracheirodon  innesi,  the  neon  tetra,  in 
the  Cheirodontinae.  Several  synapomorphies  were 
found  to  unite  all  three  species,  which  are  herein 
placed  in  Paracheirodon.  The  interrelationships 
among  the  three  neon  tetras  are  not  resolved. 

INTRODUCTION 

The  Characidae  comprises  the  largest 
part  of  a  group  of  freshwater  fishes,  the 
Characiformes,  whose  hving  representa- 
tives are  endemic  to  Africa  and  South  and 
Central  America.  American  characids  are 
found  from  southern  Argentina  and  Chile 
in  South  America  north  to  the  Mexico- 
United  States  border  area  in  North  Amer- 
ica. The  greatest  concentration  of  species 
occurs  in  the  Amazon  basin,  the  largest 
geographic  area.  There  are  fewer  species 
to  the  north  in  the  Orinoco  basin  and  to 
the  south  in  the  Parana-Paraguay  river 
system.  Still  fewer  species  occur  in  the  nu- 
merous smaller  drainage  basins  in  Central 
America  and  peripheral  to  these  three 
large  river  systems  in  South  America.  By 
the  latest  account,  Gery  (1977:  13-16),  the 
American  part  of  the  family  consists  of  12 
"subfamilies"  and  about  700  species,  ex- 
cluding Serrasalminae  and  Characidiinae, 
both  sometimes  included  within  the 
Characidae.     The     phylogeny     of     these 
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"subfamilies"  and  their  relationships  to 
other  characiforms  are  poorly  understood. 

Systematists  studying  American  chara- 
cids  owe  much  to  the  pioneering  studies 
of  Eigenmann  and  his  students  early  in 
this  century.  The  system  of  characid  clas- 
sification inaugurated  by  Eigenmann  has 
formed  the  framework  within  which 
nearly  all  subsequent  research  has  been 
done.  But  there  are  serious  shortcomings 
with  that  system,  acknowledged  by  Ei- 
genmann (1917:  43-49),  and  in  recent 
years  there  has  been  some  movement  to- 
ward a  different  approach  to  the  problems 
recognized  by  Eigenmann.  Current  chara- 
cid classification  is  neither  phylogenet- 
ically  nor  typologically  useful.  In  the  fol- 
lowing pages  we  reexamine  the  basis  for 
traditional  classification  of  the  group, 
rooted  in  Eigenmann's  concepts  of  sys- 
tematic ichthyology,  and  discuss  the  ap- 
proaches several  more  recent  authors  have 
brought  to  bear  on  the  problem.  We  pro- 
pose and  discuss  the  implications  of  a  phy- 
logenetic  approach  to  characid  relation- 
ships, and  present  a  phylogenetic  analysis 
of  a  small  but  representative  characid 
group,  the  neon  tetras. 

Many  groups  of  characiforms,  includ- 
ing the  American  characids,  include 
species  whose  members  are  of  very  small 
size,  12  to  25  or  30  mm  in  standard  length 
(SL).  Many  of  these  species  exhibit  pae- 
domorphic  features,  such  as  reduction  in 
the  extent  and  surrounding  ossification  of 
the  laterosensory  system  and  reduction  in 
tooth  cusp  number.  The  problems  of  at- 
tempting to  recognize  and  diagnose  ge- 
nealogical lineages  in  a  group  where  small 
size  and  reductive  features  are  so  common 
is  also  treated. 

METHODS 

The  analysis  used  here  is  phylogenetic, 
basically  that  of  Hennig  (1966).  Much  dis- 
cussion and  some  modification  of  Hen- 
nig's  views  have  occurred  since  1966.  The 
reader  is  referred  to  Farris  (1978,  1979), 
Cracraft  and  Eldredge  (1979),  Eldredge 


and  Cracraft  (1980),  Hull  (1980),  and  Wi- 
ley (1981),  for  reviews  of  recent  theoreti- 
cal and  practical  views  regarding  phylo- 
genetic systematics  and  cladistics. 

Counts  and  measurements  follow  Fink 
and  Weitzman  (1974)  unless  otherwise  ex- 
plained in  the  text.  All  measurements  are 
given  as  a  percent  of  standard  length  ex- 
cept those  subunits  of  the  head  which  are 
a  percent  of  head  length. 

The  synonymies  are  limited  to  the  orig- 
inal descriptions,  accounts  of  the  discov- 
ery of  the  neon  tetras,  morphological  and 
systematic  reports,  and  aquarium  litera- 
ture accounts  providing  new  name  com- 
binations. Most  aquarium  literature  is  not 
cited. 

The  following  abbreviations  are  used 
for  institutions: 

ANSP — Academy  of  Natural  Sciences  of 
Philadelphia 

BMNH — British  Museum  (Natural  His- 
tory), London 

CAS — California  Academy  of  Sciences, 
San  Francisco  [catalog  numbers  may 
read  CAS(IUM),  formerly  of  Indiana 
University,  or  CAS(SU),  formerly  of 
Stanford  University] 

EPA — Fundaq^ao  de  Amparo  a  Pesquisa 
do  Estado  de  Sao  Paulo,  Expedigao  Per- 
manente  da  Amazonia,  Sao  Paulo 

FMNH — Field  Museum  of  Natural  His- 
tory, Chicago 

INPA — Instituto  Nacional  de  Pesquisas  da 
Amazonia,  Manaus 

MBUCV — Museo  de  Biologia,  Instituto  de 
Zoologia  Tropical,  Universidad  Central 
de  Venezuela,  Caracas 

MCZ — Museum  of  Comparative  Zoology, 
Harvard  University,  Cambridge 

MZUSP — Museu  de  Zoologia  da  Univer- 
sidade  de  Sao  Paulo,  Sao  Paulo 

NRM — NaturhistoriskaRiksmuseet,  Stock- 
holm 

USNM — United  States  National  Museum, 
the  collections  in  the  Division  of  Fishes, 
National  Museum  of  Natural  History, 
Smithsonian  Institution,  Washington, 
DC. 
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Other  abbreviations  used  are:  noted  that  many  characid  genera  appear 

SL-Standard  length  polyphyletic.  The  problem  of  generic  and 

"  subramily  relationships  came  to  be  one  or 

^            ^  his  primary  concerns  when  he  attempted 

The  species  and  specimens  other  than  a   broad   synthesis   of   his   knowledge   of 

neon  tetras  examined  for  this  investigation  American  characiforms  in   1917.   Eigen- 

are  listed  in  Appendix  1.  The  neon  tetras  mann  clearly  understood  the  differences 

are  listed  in  the  species  accounts.  between  what  are  now  called  phylogenet- 

In  the  lists  of  specimens  examined,  lo-  ic  and  grade  concepts  of  classification.  Ei- 

cality  information  follows  the  following  genmann  (1914:  23)  stated:  "We  recog- 

format:  the  country  is  given  first  in  its  En-  nize  two  types  of  genera,  one  a  group  of 

glish  form  followed  by  the  state,  depart-  closely  related  species,  descended  from  a 

ment,  or  district  in  the  language  of  the  common  ancestor  and  having  certain  dis- 

country.  This  is  followed  by  the  specific  tinguishing  characters  in  common.  .  .  .The 

locality.  other,    a    polyphyletic    type,    consists    of 

species  having  a  certain  combination  of 

SYSTEMATICS  OF  THE  AMERICAN  ^^^H^.^t^  characters  in  common  which  eas- 

r^uADAriHAP  ^v  distinguish  members  or  the  genus,  but 

which,  instead  or  indicating  a  single  an- 

The  history  of  American  characid  sys-  cestral  line  from  which  the  species  have 
tematics  was  summarized  by  Eigenmann  diverged,  are  acquired  possibly  one  at  a 
(1917)  and  updated  by  Weitzman  (1962).  time  along  distinct  lines  converging  to  a 
Since  the  latter  paper  appeared,  classifi-  common  definition.  Sometimes  the  poly- 
cation  within  the  family  has  been  dis-  phyletic  origin  can  be  detected,  some- 
cussed  by  several  authors,  including  Rob-  times  not."  Eigenmann  (1917:  48)  came 
erts  (1973),  Fink  and  Weitzman  (1974),  to  describe  the  genera  of  the  Tetragopop- 
Rosen  (1970,  1972),  and  Gery  (1977).  None  terinae  as  "an  interlacing  fabric  rather 
of  the  authors  subsequent  to  Eigenmann  than  a  branching  tree."  Many  of  the  char- 
(1917)  has  been  able  to  treat  adequately  acters  utilized  by  Eigenmann  and  his  stu- 
the  various  problems  brought  forth  in  that  dents  are  those  used  traditionally  as  "ge- 
seminal  paper.  As  we  will  make  clear  be-  neric  characters"  by  ichthyologists 
low,  we  think  that  progress  has  been  hin-  working  with  other  groups  of  fishes  then 
dered  by  the  kinds  of  systematic  ap-  and  today.  Despite  Eigenmann's  warnings 
proaches  that  were  employed.  It  would  be  of  serious  problems  for  the  recognition  of 
useful  at  this  point  to  summarize  Eigen-  characiform  genera  based  on  these  char- 
mann's  comments,  since  he  was  particu-  acters,  most  subsequent  ichthyologists  have 
larly  perceptive  about  aspects  of  evolution  continued  to  use  this  system  of  names, 
that  interest  systematic  theorists  today.  concepts,  and  categories  for  characids  at 

Eigenmann,  in  a  series  of  papers  pub-  the   generic  and   subfamilial   levels.    We 

lished  early  in  this  century,  greatly  ex-  would  here  point  out  that  we  believe  there 

panded  our  knowledge  of  the  complexity  is  nothing  inadequate  or  "wrong"  with  the 

of  the  characid  fauna.  He  was  the  first  characters  used;  rather,  it  is  how  they  have 

author  to  consider  to  any  appreciable  ex-  been  used  and  interpreted  that  has  been 

tent  the  evolutionary  relationships  of  the  and  still  remains  the  problem.  Myers  (in 

numerous  genera  of  the  American  chara-  Eigenmann  and  Myers,  1929:  546)  point- 

cids.  In  earlier  papers,  Eigenmann  and  his  ed  out  that  "We  do  not  yet  have  a  key  to 

students  followed  the  ichthyological  stan-  the  mensuration  of  phylogenetic  differ- 

dards  of  the  day   and   proposed   genera  entiation  in  the  tetragonopterid  characins, 

based  on  obvious  differences  among  mor-  and  until  we  do  it  would  seem  the  best 

phological  features.  Eigenmann  (1914:  23)  course  to  follow  the  existing  method  Ire- 
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ferring  to  the  Eigenmann  system  of  gen- 
era, subfamilies,  and  usage  of  charac- 
ters]." Often  more  recent  ichthyologists 
have  tried  to  "fit"  new  species  and  genera 
into  Eigenmann's  system  by  a  rigid  use  of 
Eigenmann's  "generic  characters"  as  set 
forth  in  "The  American  Characidae"  (Ei- 
genmann, 1917:  42).  Since  many  of  these 
newly  discovered  species  did  not  "fit"  well 
into  the  system,  a  proliferation  of  new  ge- 
neric names  ensued.  Examples  include 
Schuhz  (1956)  and  Gery  (1960a,b;  1963; 
1965a,b;  1966a,b;  1977).  In  our  opinion 
this  procedure  is  now  leading  to  problems 
in  the  usefulness  of  characid  genera  as 
either  monophyletic  or  typological  enti- 
ties. A  rigid  use  of  certain  characters  as 
always  significant  at  the  generic  level  is 
producing  chaos  in  the  classification  of 
characids. 

Eigenmann  (1915:  3  and  10-11)  and 
Bohlke  (1952:  794)  pointed  out  the  possi- 
ble or  probable  polyphyly  of  the  cheiro- 
dontine  characids.  This  suggestion  was  fur- 
ther supported  by  Weitzman  (1962:  5), 
Gery  (1977:  543),  Vari  and  Gery  (1980: 
80),  and  especially  by  Fink  and  Weitzman 
(1974:  1).  Ellis  {in  Eigenmann,  1918:  135), 
in  referring  to  the  tetragonopterine  gen- 
era Hemigramtnus  and  Hyphessobrycon, 
stated  the  following:  "It  seems  quite  cer- 
tain that  these  genera  are  of  polyphyletic 
origin,  that  several  sections  have  been  and 
are  arising  independently  from  Astyanax 
and  Moenkhausia  and  probably  other 
genera.  These  genera  (Hemigranimus  and 
Hyphessobrycon)  are  conveniences  rather 
than  entities."  We  think  these  genera  are 
no  longer  "conveniences."  Their  typolog- 
ical convenience  is  at  an  end  because  it 
often  conflicts  with  information  from  ad- 
ditional characters  and  consequent  ideas 
about  relationships.  For  example,  Bohlke 
(1955:  233-234),  in  a  discussion  of  the  re- 
lationships among  some  species  of  Hemi- 
grammus  and  Hyphessobrycon,  found  an 
analysis  of  their  relationships  difficult  and 
ambiguous.  In  that  contribution  Bohlke 
described  a  new  species,  Hemigrammus 


rnimns,  which,  on  the  basis  of  characters 
employed  by  Ellis  (in  Eigenmann,  1918: 
133-135)  to  define  Hemigrammus  and 
Hyphessobrycon,  would  have  to  be  placed 
in  Hyphessobrycon.  In  view  of  other  char- 
acters, Bohlke  placed  the  fish  in  Hemi- 
grammus, predicting  that  it  is  most  closely 
related  to  a  known  species  of  Hemigram- 
mus. Thus,  Bohlke  refused  to  follow  the 
traditional  use  of  a  character  (presence  of 
caudal-fin  squamation)  that  always  had 
been  considered  as  having  "generic  val- 
ue." 

The  first  explicitly  phylogenetic  study 
of  a  characid  group  is  that  of  Rosen  (1972) 
on  Bramocharax.  He  studied  the  relation- 
ships of  the  species  and  subspecies  in  the 
genus  and  compared  them  with  species  in 
the  tetragonopterine  genera  Astyanax, 
Moenkhausia,  Hemigrammus,  Deutero- 
don,  Bryconamericus,  and  Hemibrycon. 
Comparisons  apparently  were  limited  to 
these  genera  because  of  the  similarity  to 
them  of  the  most  primitive  Bramocharax 
species.  Rosen's  conclusion,  based  on 
shared  unique  characters,  was  that  Bra- 
mocharax is  monophyletic  and  represents 
the  sister  group  to  some  lineage  within  As- 
tyanax. The  similarity  of  primitive  Bra- 
mocharax species  to  Astyanax  species  is 
so  great  that  Rosen  questioned  the  recog- 
nition of  Bramocharax  as  distinct  from 
Astyanax.  Rosen  left  unanalyzed  the  im- 
plication of  his  study  that  Astyanax  is 
paraphyletic  when  Bramocharax  is  rec- 
ognized. 

Roberts  (1973)  attempted  an  analysis  of 
the  relationships  among  three  genera  of 
presumed  glandulocaudine  characids  of  the 
Guayas  basin  in  western  Ecuador.  He 
evaluated  certain  features  on  the  basis  of 
whether  they  were  primitive,  reductive, 
labile,  or  specialized.  Although  he  did  not 
define  or  use  characters  according  to  phy- 
logenetic methodology,  Roberts  (1973: 
512)  emphasized  that  of  his  four  cate- 
gories, specialized  characters  "are  most 
important  in  determining  relationships." 
Specialized    characters    were    defined    as 
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originating  only  once  and  ".  .  .  incapable 
of  having  originated  independently." 
Roberts  noted  that  the  generic  classifica- 
tion in  Eigenmann's  "The  American 
Characidae"  is  based  largely  on  reductive 
and  labile  characters,  which  Roberts  did 
not  consider  specialized  according  to  his 
concepts.  In  his  study  Roberts  came  to  the 
conclusion  that  none  of  the  osteological 
characters  that  he  examined  could  be  used 
as  evidence  to  support  his  original  hy- 
pothesis that  the  ".  .  .  Guayas  glandulo- 
caudins  are  an  autochthonous  monophy- 
letic  lineage  and  had  Bryconamericus-like 
ancestors."  He  further  concluded  that 
these  characters  and  many  others  found 
in  characids  are  unlikely  to  be  useful  in 
studies  of  phylogenetic  relationships  be- 
cause of  their  lability  or  their  reductive 
nature.  We  suspect  he  came  to  this  judg- 
ment because  he  assumed  the  species  rep- 
resented an  autochthonous  radiation  with- 
out investigating  the  possible  relationships 
of  the  three  genera  with  other  glandulo- 
caudines  outside  the  Guayas  basin,  and  also 
because  he  did  not  investigate  the  char- 
acters he  used  in  sufficient  detail.  Our  pri- 
mary criticism  of  Roberts'  analysis  is  that 
he  seems  not  to  have  considered  the  fact 
that  "labile  or  reductive"  characters  may 
be  indicative  of  monophyly  at  some  taxo- 
nomic  level  even  though  they  may  not  be 
significant  at  the  levels  under  study. 

Fink  and  Weitzman  (1974:  4-5)  dis- 
cussed the  traditional  use  of  so-called  "ge- 
neric" characters,  including  lateral-line 
length,  tooth-cusp  morphology,  procur- 
rent  caudal-fin  rays,  and  caudal-fin  squa- 
mation.  Lateral-line  length  had  tradition- 
ally been  used  to  "recognize"  Odontostilbe 
as  different  from  Cheirodon.  Fink  and 
Weitzman  found,  however,  that  lateral- 
line  length  was  variable  in  Cheirodon  di- 
alepturus  Fink  and  Weitzman  and  C.  af- 
finis  (Evermann  and  Goldsborough)  to 
such  an  extent  that  in  some  populations  of 
each  species  some  individuals  were 
'^ Odontostilbe"  while  others  were  "Chei- 
rodon." Since  lateral-line  length  was  the 


only  character  which  distinguished  Odon- 
tostilbe from  Cheirodon,  the  former  name 
was  synonymized  with  the  latter.  A  simi- 
lar approach  was  used  with  the  other 
characters  listed  above,  resulting  in  syn- 
onymizing  of  Pseiidocheirodon  and 
Conipsiira  with  Cheirodon.  These  actions 
were  taken  by  Fink  and  Weitzman  (1974) 
to  eliminate  clearly  typological  genera 
whose  diagnostic  features  were  no  longer 
useful  to  pigeonhole  characid  species. 

Subsequently  Gery  (1977:  554-555) 
suggested  that  this  practice,  if  carried  to 
its  logical  extreme,  would  result  in  "lump- 
ing" of  all  "tetragonoterine"  genera  into 
a  single  genus  represented  by  the  oldest 
available  name,  Tetragonopterns.  Ulrey 
(1895)  once  did  what  Gery  suggested.  The 
species  treated  by  Ulrey  previously  had 
been  placed  in  six  genera,  with  most  of 
them  in  Tetragonopterns.  Ulrey  (1895: 
262)  cites  the  variability  of  the  lateral  line 
in  given  species  as  one  of  his  reasons  for 
an  inclusive  genus  Tetragonopterns  and 
therefore  the  doubtful  significance  of  this 
"generic"  character.  By  today's  standards, 
this  approach  is  an  oversimplification  of  a 
complex  problem.  Reduction  in  pored  lat- 
eral-line length  could  be  variable  in  one 
species  of  a  given  monophyletic  line  but 
constant  within  another  monophyletic  line 
and  therefore  useful  as  a  synapomorphy 
delineating  that  particular  lineage.  It  may 
be  that  Odontostilbe,  the  type  of  which  is 
the  Peruvian  Cheirodon  fugitiva  (Cope), 
might  still  be  a  recognizable,  monophy- 
letic genus.  However,  since  the  sole  char- 
acter upon  which  it  was  based  has  been 
shown  to  be  invalid  at  the  level  at  which 
it  has  been  applied,  recognition  of  Odon- 
tostilbe would  require:  (1)  a  detailed  study 
of  the  species  of  Cheirodon  possibly  re- 
lated to  C.  fugitiva  to  determine  if  there 
are  characters  which  could  define  a  mono- 
phyletic group;  (2)  a  study  of  the  phylo- 
genetic relationships  of  all  of  the  species 
currently  placed  in  Cheirodon  to  deter- 
mine if  Cheirodon  would  be  paraphyletic 
as  a  consequence  of  removing  some  species 
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of  Cheirodon  to  the  genus  Odontostilbe. 
Gery,  in  Vari  and  Gery  (1980:  81),  now 
seems  to  accept  the  reasons  for  not  rec- 
ognizing   Pseudocheirodon    and    Comp- 


sura. 


The  most  serious  problem  we  now  find 
with  the  work  of  Fink  and  Weitzman 
(1974)  is  its  lack  of  rigorous  analysis  of 
relationships.  Statements  referring  to  "re- 
lationships" made  by  them  are  unsubstan- 
tiated by  presentation  of  putative  synapo- 
morphies.  For  example,  on  page  25  they 
considered  Cheirodon  terrabae  Bussing  as 
"close  to"  C.  affinis,  but  presented  no  evi- 
dence corroborating  this  hypothesis.  They 
made  a  traditional  assessment  of  the  num- 
ber of  characters  in  common  between 
these  species  but  did  not  explicitly  search 
for  derived  characters  shared  by  them. 
This  practice  has  been  (and  remains)  the 
predominant  method  of  assessing  species 
relationships  in  ichthyology.  It  is  a  process 
which  is  logically  flawed,  and  it  does  not 
necessarily  lead  to  a  stable  classification. 

To  present  a  broad  evaluation  of  the 
classification  of  neotropical  characids  as 
expressed  in  the  current  literature  we  must 
discuss  the  approach  taken  by  Gery  to 
characid  systematics  in  a  long  series  of  pa- 
pers (see  bibliographies  in  Gery,  1972  and 
1977).  Gery  has  been  the  main  proponent 
in  recent  years  of  the  "classical"  or  "Ei- 
genmann"  system  and  much  of  his  work 
has  been  recently  summarized  (Gery, 
1977).  Because  of  his  efforts  to  preserve 
this  system  Gery  has  been  forced  into  de- 
cisions which,  to  us,  do  not  make  good 
systematic  sense.  We  cite  the  following  two 
examples  to  illustrate  the  difficulties  he 
encountered  and  to  provide  some  insight 
into  his  rationale  and  the  problems  for 
characid  classification  that  result. 

Gery  (1966b:  111-112)  discussed  pop- 
ulation samples  of  a  characid  which  were 
extremely  similar  to  Hemigrammus  uni- 
lineatus  ((iill),  a  widespread  and  some- 
what variable  species  of  northern  South 
America.  In  these  population  samples,  all 
specimens  examined  had  complete  lateral 
lines  rather  than   the  reduced   ("incom- 


plete") lateral  line  of  H.  unilineatus,  thus 
giving  them  the  diagnostic  feature  of 
another  genus,  Moenkhansia.  In  his  re- 
marks on  the  situation  Gery  (1966:  111) 
stated:  "We  are  thus  faced  with  a  form 
which  differs  from  H.  unilineatus  cay- 
ennensis:  (a)  at  the  subspecific  level 
(scarcely  at  the  specific  one)  by  a  number 
of  characters,  and  (b)  at  the  generic  level 
by  one  character,  the  completeness  of  the 
lateral  line  ....  The  validity  of  the  genus 
Moenkhausia  .  .  .  may  even  be  ques- 
tioned, if  the  present  form  is  considered 
as  a  mere  variety  of  H.  unilineatus."  Near 
the  end  of  his  discussion  (p.  112)  he  stated: 
"The  stability  of  the  nomenclature  of 
Characids  [sic]  therefore  demands  that  the 
form  here  described  as  Moenkhausia 
hemmigramoides  be  considered  as  gener- 
ically  distinct  from  Hemigrammus  uni- 
lineatus, even  though  the  latter  is  proba- 
bly derived  from  it  by  regression  .... 
Needless  to  say,  this  is  a  compromise." 
Another  example  of  Gery's  systematic 
practice  involves  the  work  of  Rosen  (1972) 
on  Bramocharax,  cited  above.  In  spite  of 
Rosen's  analysis  of  relationships  of  Bra- 
mocharax species  and  Astyanax,  Gery 
(1977:  302  and  322)  chose  to  recognize 
Bramocharax  as  a  separate  tribe,  Bramo- 
characini,  placing  it  "near"  the  tribe 
Acestrorhynchini,  in  the  subfamily  Char- 
acinae  rather  than  in  his  Tetragonopteri- 
nae  with  Astyanax.  Gery  apparently 
wished  to  ignore  the  documented  rela- 
tionships of  Bramocharax  and  stated  (p. 
302):  "Between  the  two  groups  [Gery's 
Characini  and  Acestrorhynchini],  or  form- 
ing a  linking  ring  with  the  Tetragonop- 
terinae,  is  a  curious  fish,  Bramocharax  .  .  . 
in  a  separate  tribe.  It  resembles  an  As- 
tyanax but  with  a  large  characine  type 
mouth  and  caniniform  teeth  (as  well  as 
pleuricuspid  ones)."  Gery's  concepts  of 
"relationship"  clearly  are  not  genealogical 
and  his  reference  to  a  "linking  ring"  is  a 
peculiar  echo  of  the  various  quinarian 
taxonomic  systems  of  the  early  19th  cen- 
tury. 

We  find  Gery's  taxonomy  to  be  unac- 
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ceptable.  It  is  difficult  to  criticize  Gery's 
work  on  the  basis  of  a  definitive  approach 
to  systematics  because  we  are  not  sure  of 
the  nature  of  his  goals  and  methods.  In- 
deed, Gery  has  remarked  to  us  personally 
that  his  work  is  not  to  be  taken  as  an 
expression  of  phylogenetic  relationships. 
We  certainly  agree  with  him  on  this  point. 
The  difficulty  remains  that  in  his  papers 
Gery  seems  to  be  writing  about  relation- 
ships based  on  evolutionary  descent,  but 
the  meaning  of  his  statements  about  re- 
lationships escapes  us.  We  consider  that 
the  price  Gery  is  paying  to  preserve  a  tra- 
ditional system  is  too  high.  Efforts  to  pre- 
serve a  system  which  neither  represents 
knowledge  of  phylogenetic  relationships 
nor  acts  as  a  "sorting  system,"  but  which 
instead  produces  a  proliferation  of  subjec- 
tive, unsubstantiated  judgments  about 
some  kinds  of  undefined  "relationships" 
are  counterproductive  to  efforts  to  pro- 
vide a  heuristic  system  for  other  compar- 
ative biologists. 

We  believe  that  a  new  analysis  of  char- 
acid  systematics  is  necessary,  one  that 
holds  a  better  promise  of  eventual  system- 
atic stability  or  which  at  least  clearly  de- 
fines the  problems  in  any  given  taxon.  For 
this  purpose  the  phylogenetic  approach 
seems  equaled  by  no  others  (Farris,  1978; 
Eldredge,  1979;  Wiley,  1981).  Characi- 
form  phylogenetic  analyses  have  already 
begun  (Vari,  1979;  Winterbottom,  1980; 
Fink  and  Fink,  1981),  but  efforts  directed 
toward  the  American  characiforms  have 
so  far  been  limited  to  Rosen  (1972), 
Weitzman  and  Cruz  (1981),  Weitzman 
and  Gery  (1981),  Vari  (1982),  Weitzman 
and  Weitzman  (1982),  and  Vari  (1983). 

A  recurrent  theme  that  appears  in  sys- 
tematic works  on  neotropical  characids  is 
the  difficulty  of  assessing  relationships  in 
the  face  of  specializations  accompanying 
small  body  size.  Many  of  the  "generic" 
characters  discussed  above  (e.g.,  incom- 
pleteness of  the  lateral  line,  reduced  cau- 
dal-fin squamation)  are  suspected  of  hav- 
ing appeared  independently  in  numerous 
lineages.  Myers  (1958:  29)  noted  that  a 


number  of  reductive  evolutionary  trends 
occur  in  the  morphology  of  small  chara- 
ciforms (and  many  other  small  teleosts) 
with  adult  body  lengths  ranging  from  10 
to  25  mm.  Myers  attributed  these  trends 
to  "neoteny."  Weitzman  (1962:  5-6)  also 
discussed  reductive  evolution  in  chara- 
cids, specifically  with  reference  to  osteo- 
logical  features.  He  warned  that  "loss  of 
various  parts  of  the  laterosensory  system, 
or  parts  of  the  skeleton,  although  provid- 
ing good  characters  for  identification,  must 
be  used  with  extreme  care  in  the  study  of 
phyletic  relationships  of  small  fishes,  since 
parallel  loss  is  probably  the  rule  rather 
than  the  exception."  As  noted  by  Fink 
(1982)  such  multiple  evolutionary  "reduc- 
tions" amount  to  anomalies  in  character 
distributions  in  the  context  of  cladograms, 
usually  attributed  to  paedomorphosis. 
However,  providing  a  process  "explana- 
tion" to  account  for  the  phenomenon  does 
not  change  the  problems  of  how  such  traits 
may  be  used  in  phylogenetic  analyses. 

The  fundamental  issue  is  detecting  sin- 
gle vs.  multiple  acquisition  of  similar  mor- 
phologies, i.e.,  detection  of  synapomorphy 
vs.  homoplasy.  The  only  solution  to  the 
problem  of  which  we  are  aware  is  detec- 
tion of  more  derived  characters  which  are 
congruent  with  the  distribution  of  certain 
others,  thus  providing  a  basis  for  choice 
among  competing  hypotheses  of  relation- 
ships. Simply  because  certain  traits  are 
"reductive"  does  not  mitigate  their  use- 
fulness as  part  of  a  phylogenetic  analysis. 
Nevertheless,  it  is  wise  to  look  at  "reduc- 
tive" characters  very  closely,  especially 
when  the  data  are  contradictory.  In  some 
cases,  several  aspects  of  an  organism's 
morphology  may  be  modified  by  a  single 
change  in  developmental  timing.  Hence, 
all  these  aspects  could  be  considered  a  sin- 
gle character  rather  than  several.  Com- 
parisons of  developmental  stages  in  the 
taxa  where  heterochrony  is  suspected  with 
similar  stages  in  appropriate  outgroups 
often  will  allow  one  to  determine  whether 
or  not,  and  to  what  extent,  several  traits 
mav  be  "correlated."  As  will  be  evident 
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in  the  present  analysis,  the  greatest  diffi- 
culty with  this  kind  of  analysis  of  chara- 
cids  is  the  lack  of  well-defined  outgroups. 
For  further  discussion  of  models  for  anal- 
ysis of  ontogenetic  processes,  see  Fink 
(1982). 


IMPLICATIONS  OF  A  PHYLOGENETIC 
CLASSIFICATION  OF  THE 
CHARACIFORMES 

In  a  phylogenetic  classification,  the 
groups  given  names  are  based  on  shared 
derived  characters  and  represent  the  most 
parsimonious  arrangement  of  all  the  attri- 
butes of  the  organisms.  In  addition,  a  phy- 
logenetic classification  recognizes  only 
complete  sets  of  organisms  and  their  com- 
plete subsets,  which  should  represent 
monophyletic  evolutionary  lineages.  In 
contrast,  a  phenetic  or  traditional  "evo- 
lutionary" classification  recognizes  para- 
phyletic  "groups"  nomenclaturally.  We 
emphasize  here  that  paraphyletic  groups, 
as  incomplete  sets,  are  neither  maximally 
informative  about  the  distribution  of  at- 
tributes of  organisms,  nor  representative 
of  the  reality  of  phylogenetic  evolution. 
Paraphyletic  groups  are  subjective,  artifi- 
cial products  of  systematists'  minds,  as  dis- 
cussed by  Fink  (1979),  among  others. 

The  implications  of  this  approach  to  the 
classification  of  the  characid  and  chara- 
ciform  fishes  (as  well  as  all  "fishes")  are 
profound.  Once  our  knowledge  progresses 
to  the  point  that  we  can  discern  lines  of 
evolution  within  characiform  groups,  those 
lineages  will  be  recognized  nomenclatur- 
ally. It  is  highly  likely,  for  example,  that 
the  family  Characidae  (sensii  Greenwood 
et  al.,  1966:  383)  is  a  paraphyletic  (or  per- 
haps polyphyletic)  assemblage  of  many 
lineages  of  fishes  with  somewhat  similar 
morphological  organization.  When  the 
phylogenetic  relationships  of  these  lin- 
eages become  clearer,  the  Characidae  will 
no  doubt  have  to  be  substantially  rede- 
fined to  represent  that  increased  knowl- 
edge. 


On  a  lower  taxonomic  level,  we  cite  as 
an  example  a  genus  that  was  discussed 
above.  Astyanax  is  a  large  assemblage  of 
"generalized"  characid  species  all  of  which 
are  supposed  to  possess  a  spectrum  of 
"key"  characters  that  "define"  the  genus. 
But  it  is  possible,  perhaps  likely,  that  there 
are  several  independent  evolutionary  lin- 
eages within  Astyanax,  making  it  a  poly- 
phyletic genus.  Many  species  of  Astyanax 
may  be  more  closely  related  to  (are  the 
sister  group  of)  species  now  placed  in  oth- 
er genera.  As  an  example  of  the  latter  case, 
we  would  cite  the  genus  Bramocharax  of 
Central  America.  Rosen  (1972:  12-16) 
considered  the  possibility  of  synonymiz- 
ing  Bramocharax  with  Astyanax,  but  re- 
tained the  former  on  the  basis  of  at  least 
one  unique  character.  Nevertheless,  it  is 
clear  from  his  discussion  that  the  species 
now  placed  in  Bramocharax  have  as  their 
sister  group  one  or  more  species  of  As- 
tyanax. Should  these  sister  group  relations 
be  delineated  by  use  of  the  name  Bra- 
mocharax, then  Astyanax  would  have  to 
be  considered  paraphyletic.  To  retain  a 
phylogenetic  classification,  either  the  Bra- 
mocharax species  would  have  to  be  placed 
within  Astyanax  with  their  relatives,  or 
the  related  '^Astyanax''  species  would  have 
to  be  placed  in  Bramocharax. 

Stated  in  another  way,  if  ^^Astyanax" 
ancestors  have  given  rise  to  autochthonous 
specialized  lineages  (like  Bramocharax)  in 
various  geographical  areas  of  South  Amer- 
ica, then,  to  maintain  a  monophyletic 
classification,  the  "As^?/anax"  descendants 
of  those  ancestors  will  have  to  be  placed 
with  their  specialized  relatives,  rather  than 
with  their  more  distant  "generalized"  rel- 
atives. 

We  expect  that  the  classification  of  the 
American  characids,  and  indeed  of  all  the 
characiforms,  will  be  subject  to  much 
reinterpretation  and  rearrangement  as  a 
result  of  phylogenetic  analyses.  We  would 
also  suggest  that  the  Characiformes  is  only 
one  of  many  groups  in  need  of  such  stud- 
ies. For  example,  many  members  of  the 
gobies    (Gobiidae,   Eleotridae,   and   their 
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Figure  1.    Adult  live  Paracheirodon  simulans,  female  above,  SL  23.9  mm,  male  below,  SL  21.2  mm,  USNM  216973. 


putative  relatives)  and  cypriniforms  (Cy- 
prinidae  and  related  fishes)  display  fea- 
tures presumably  associated  with  small 
size.  Both  groups  are  currently  the  sub- 
jects of  primarily  typological  classifica- 
tions and  subjective  evolutionary  system- 
atic approaches.  Understanding  of  their 
relationships  would  be  greatly  enhanced 
by  phylogenetic  analyses. 

A  HISTORY  OF  THE  NEON  TETRA 
PROBLEM 

The  neon  tetras  (Figs.  1-3)  are  three 
species  of  small,  brilliantly  colored  fresh- 
water fishes  from  South  America  that  have 
come  to  the  attention  of  ichthyologists 
through  the  aquarium  trade.  Gery  (1960b: 
9-13  and  1963:  14)  assigned  each  species 
to  a  different  genus  and  referred  two  of 


the  species  to  one  characid  subfamily  and 
the  third  to  another  as  follows:  Hyphes- 
sobrycon  simulans  Gery,  the  green  neon, 
was  placed  in  the  Tetragonopterinae 
(Gery,  1963:  70-71),  while  Cheirodon  ax- 
elrodi  Schultz,  the  cardinal  tetra,  and  Par- 
acheirodon innesi  (Myers),  the  neon  tetra, 
were  placed  in  the  Cheirodontinae  (Gery, 
1960b:  9-13).  Although  the  last  two 
species  are  well  known  and  kept  in  aquar- 
ia by  millions  of  people  because  of  their 
intense  red  and  green  to  blue  life  colors, 
all  three  species  remain  poorly  studied  by 
ichthyologists.  In  our  view  former  hypoth- 
eses concerning  their  relationships  can  be 
rejected  both  by  a  reevaluation  of  evi- 
dence provided  by  former  authors  and  by 
new  evidence  presented  here.  We  propose 
that  the  three  "neon  tetras"  form  a  mono- 
phyletic  group,  represented  by  the  genus 
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Figure  2.    Adult  live  Paracfieirodon  axelrodi,  male  above,  SL  28.9  mm,  female  below,  SL  31.1  mm.  Specimens  not  retained. 


Paracheirodon.^  See  the  species  descrip- 
tions for  new  locality  records  for  these 
three  species  and  a  discussion  of  their  dis- 
tribution. 

Myers  (1936:  97)  described  the  first 
known  neon  tetra,  Paracheirodon  innesi, 
and  placed  it  in  the  genus  Hyphessobry- 
con,  subfamily  Tetragonopterinae,  be- 
cause, among  other  characters,  the  holo- 


'  The-  type  of  llie  gemi.s  Paracheirodon  (Gery, 
19601):  12)  is  Hyphessobrycon  innesi  Myers  (1936) 
aiul  tlu'  name  is  available  for  application  to  all  of  the 
neon  telras.  Another  name,  Laniproclieirodon  Ciery 
(1960b:  13),  proposed  as  a  subgenus  with  Cheirodon 
axelrodi  Schultz  (1956)  a.s  its  type,  is  also  available 
for  the  three  species,  but  I'aracheirodon  has  line  pre- 
cedence over  Laniprocheirodon. 


type  appeared  to  have  two  rows  of 
premaxillary  teeth,  the  "outer  row"  rep- 
resented by  a  single  tooth.  Schultz  (1956: 
42)  and  Myers  and  Weitzman  (1956:  1) 
nearly  simultaneously  described  a  second 
species,  here  called  Paracheirodon  axel- 
rodi, with  a  color  pattern  similar  to  the 
neon  tetra.  All  these  authors  recognized 
that  P.  axelrodi  had  only  one  row  of  pre- 
maxillary teeth  and  that  it  should  be 
placed  in  the  Cheirodontinae  according  to 
the  then  currently  accepted  subfamilies. 
Myers  and  Weitzman  chose  to  question 
the  validity  of  at  least  part  of  the  Chei- 
rodontinae because  of  the  apparent  rela- 
tionship of  the  two  species  based  on  color 
pattern  and  body  shape.  Schultz,  on  the 
other  hand,  chose  to  place  the  new  fish  in 
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Figure  3.    Adult  live  Paracheirodon  innesi,  female  above,  SL  25.1  mm,  male  below,  SL  26.9  mm.  Specimens  not  retained. 


Cheirodon,  where  it  "fit"  because  of  its 
single  premaxillary  tooth  row,  thus  not 
upsetting  Eigenmann's  system. 

Gery  (1960b:  9-13)  examined  the  rela- 
tionships of  the  two  neon  tetras  (then 
called  Hyphessobrycon  innesi  and  Chei- 
rodon axelrodi)  to  each  other  and  to  other 
small  characids,  especially  those  with  one 
row  of  premaxillary  teeth,  grouped  as  the 
Cheirodontinae.  Gery's  analysis  is  useful, 
and  although  to  a  large  extent  based  on 
the  concepts  of  generic  relationships  for 
the  Cheirodontinae  published  by  Eigen- 
mann  (1915:  14-17),  it  includes  several 
hypotheses  of  possible  importance  in  any 
study  of  the  phylogeny  of  small  characi- 
forms.  Unfortunately,  his  study  was 
marred  by  many  errors  of  morphological 


interpretation  (see  discussion  below  on 
uninformative  characters).  Gery's  work 
also  displays  a  few  interpretive  contradic- 
tions that  in  some  places  made  the  rela- 
tionships he  proposed  unclear. 

Because  Gery's  paper  was  an  attempt 
to  elucidate  the  "relationships"  of  many 
"cheirodontins,"  including  the  two  neon 
tetras  mentioned  above,  a  review  of  his 
basic  hypotheses  is  in  order.  Gery  (1960b: 
2-5)  proposed  to  divide  the  genera  of  the 
entire  subfamily  into  two  basic  groups,  the 
first  (divided  by  Gery  at  that  time  into 
three  subgroups)  having  tricuspid  or  uni- 
cuspid  teeth  and  the  second  having  five 
or  more  cusps  {Cheirodon  and  seemingly 
related  genera).  This  was  done  despite  the 
fact  that  one  species  of  the  second  group, 
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Cheirodon  aiistralis  Eigenmann,  from 
Chile,  was  known  to  have  tricuspid  teeth. 
Subsequently  Gery  (1973:  81)  divided  the 
group  with  unicuspid  or  tricuspid  teeth 
into  two  groups  (instead  of  the  three  in 
Gery,  1960b:  2-5),  those  with  mostly  uni- 
cuspid teeth,  the  Aphyoditeina,  and  those 
having  tricuspid  teeth,  left  unnamed.  As 
with  the  Cheirodontinae  itself,  we  think 
that  these  subgroups,  as  currently  pro- 
posed, will  ultimately  be  rejected.  Gery 
himself  (1960a:  32-34  and  b:  1-5,  1973: 
81)  expressed  reservations  about  the  valid- 
ity of  the  groups. 

Gery  (1960b:  5-9)  proposed  five  groups 
in  the  genus  Cheirodon.  The  first  two 
groups  included  three  or  four  nominal 
species,  including  the  type  of  the  genus, 
Cheirodon  pisciculus  Girard,  from  the 
west  side  of  the  Andean  Cordillera  in  Peru 
and  Chile.  The  next  two  groups  are  found 
primarily  on  the  eastern  side  of  the  Andes 
and  northward  into  Central  America.  Ei- 
genmann (1915:  64)  was  also  aware  of  this 
possible  division  into  groups  east  and  west 
of  the  Andes,  and  we  concur  that  this  sug- 
gested separation  is  worthy  of  a  detailed 
investigation,  even  though,  as  Gery  (1960b: 
6)  suggested,  there  appear  to  be  "inter- 
mediate" species.  Gery's  fifth  group 
(1960b:  8)  is  represented  by  only  Para- 
cheirodon  axelrodi.  Gery  (1960b:  9-13) 
was  unsure  of  the  relationships  of  P.  in- 
nesi  but  believed  that  since  it  did  not  have 
teeth  with  five  or  more  cusps,  it  could  not 
be  a  Cheirodon. 

Of  primary  interest  to  us  here  are  those 
groups  proposed  by  Gery  (1960b  and 
1963)  to  be  related  to  the  neon  tetras.  Gery 
(1960b:  8-9)  suggested  that  P.  axelrodi  was 
"nearer  to  the  type"  of  Cheirodon  (C.  pis- 
ciculus) or  to  Cheirodon  stenodon  Eigen- 
mann than  to  the  small,  deep-bodied 
species  occurring  mostly  east  of  the  An- 
dean Cordillera  such  as  Cheirodon  inter- 
rupttis  (Jenyns).  Gery  (1960b:  9)  stated 
that  P.  axelrodi  shows  similarities  to 
Mijxobrycon  Eigenmann  but  noted  at  least 
one  major  difference  from  the  latter, 
poorly  known,  genus.  He  then  stated  that 


P.  axelrodi  "may  be  close"  to  Pseudo- 
cheirodon  Meek  and  Hildebrand.  Fink 
and  Weitzman  (1974:  3-5)  placed 
Pseiidocheirodon  as  a  synonym  of  Chei- 
rodon, noting  its  close  similarity  with  the 
groups  of  Cheirodon  species  east  of  the 
Andes.  Thus,  Gery  (1960b:  8-9)  proposed 
that  P.  axelrodi  is  most  closely  related  to 
the  species  west  of  the  Andean  mountains 
but  also  stated  that  it  is  perhaps  closely 
related  to  a  genus  and  species  now  placed 
with  the  species  of  Cheirodon  found  to 
the  east  of  the  Andes. 

Of  the  relationships  of  Paracheirodon 
innesi,  Gery  (1960b:  9)  stated  that  it  ".  .  . 
has  striking  morphological  affinities  with 
Cheirodon  \\\e  does  not  mention  at  this 
point  which  group  of  Cheirodon,  those  to 
the  east  or  those  to  the  west  of  the  Andean 
mountains],  but  some  structures  (in  partic- 
ular the  teeth)  make  it  more  probably  in- 
termediate between  the  first  and  second 
groups  of  'tricuspid  Cheirodontinae,'  being 
perhaps  the  link  between  Megalampho- 
diis  (for  example)  and  Cheirodon  (for  ex- 
ample)." The  genera  in  Gery's  first  "tri- 
cuspid group"  were  Megalamphodtis 
Eigenmann,  Pristella  Eigenmann,  Pseu- 
dopristella  Gery,  and  Oligohrijcon  Eigen- 
mann. His  second  "tricuspid  group"  in- 
cluded Prodontocharax  Eigenmann  and 
Pearson,  Microschemobrijcon  Eigen- 
mann, Aphyocharacidiuni  Gery,  and 
Aphijocheirodon  Eigenmann;  it  did  not 
include  Cheirodon,  which,  as  noted  above, 
was  grouped  with  other  genera  character- 
ized by  teeth  with  five  or  more  cusps. 
Thus,  Gery  seemed  to  say  two,  contradic- 
tory things:  first,  that  P.  innesi  is  inter- 
mediate between  two  groups  of  "cheiro- 
dontins  "  with  tricuspid  teeth  and  second, 
that  it  is  a  "link"  between  Megalampho- 
dtis, which  belongs  to  one  of  those  groups, 
and  Cheirodon,  which  Gery  placed  in  a 
group  separate  from  the  "tricuspid  teeth 
group.  " 

After  apparently  disassociating  P.  in- 
nesi and  P.  axelrodi  in  the  above  manner, 
Gery  (1960b:  13)  raised  another  possibili- 
ty, stating  that  although  P.  iTinesi  is  "an- 
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atomically  rather  near  to  Megalanipho- 
dus  or  Oligohrycon  (seeming  intermediate 
between  the  two  already  mentioned 
groups),"  it  is  "also  near  to  a  third  group 
represented  by  the  aberrant  Cheirodon 
axehodi  (by  a  remarkable  evolutive  [sic] 
convergency  or,  more  probably,  by  a  real 
phylogenetic  affinity)."  The  evidence  Gery 
used  to  support  his  views  will  be  discussed 
below,  but  our  interpretation  of  the  char- 
acters is  very  different  from  his. 

Gery's  understandable  indecision  and 
apparent  confusion  regarding  the  rela- 
tionships of  the  neon  tetras  may  be  allud- 
ed to  by  quoting  the  following  statement 
made  by  him  later  (1963:  13)  regarding 
his  earlier  study  (1960b)  of  these  two 
species.  After  noting  that  the  two  neon 
tetras,  P.  axehodi  and  P.  innesi,  ".  .  .  have 
unusual  skull,  jaws  and  teeth  structures," 
he  stated  the  following:  "These  peculiar- 
ities place  them  in  'border-groups,'  in 
boundaries  between  the  tetragonopterins 
on  the  one  hand,  and  the  cheirodontins  on 
the  other.  Their  existence,  together  with 
that  of  several  other  forms  seems  even  to 
show  that  the  last  named  groups  are  quite 
artificial  and  may  be  united  in  a  natural 
classification.  It  was  also  suggested  that, 
although  being  technically  in  different 
(but  very  close)  genera,  both  species  may 
have  arisen  from  a  common  stem.  Oth- 
erwise their  remarkable  convergency 
(same  habits  and  coloration)  could  not  sat- 
isfactorily be  explained." 

Gery  (1960b:  1)  noted  that  the  above 
two  species  had  been  hybridized  by  an 
aquarist.  Unfortunately  the  results  of  this 
are  unknown  to  us  and  apparently  have 
never  been  published. 

In  his  description  of  the  third  neon  tet- 
ra,  P.  simulans,  Gery  (1963:  70-71)  stated 
the  following:  "It  is  indeed  a  genuine  Hy- 
phessobrycon  with  two  well  separated 
rows  of  teeth  on  the  premaxillary  and  an 
elongate  pedicel  [ascending  premaxillary 
process]."  In  a  footnote,  Gery  noted  that 
the  genus  Hyphessobrycon  perhaps  should 
be  split  into  two  genera.  Gery  did  not  re- 
late P.  simulans  to  any  known  species  of 


Hyphessobrycon  and  stated  that  ".  .  .  none 
seems  to  be  very  close  to  H.  sitntdans." 
Gery  (1963:  71)  further  stated  that  P.  sim- 
ulans has  a  color  pattern  similar  to  that  of 
P.  innesi  and  that  he  believed  such  a  color 
pattern  similarity  to  be  due  to  conver- 
gence. He  noted  several  morphological  dif- 
ferences between  P.  simulans  and  the 
other  two  neon  tetras  in  support  of  this 
hypothesis. 

More  recently,  Gery  suggested  yet 
another  possibility  regarding  the  relation- 
ship of  P.  innesi.  In  regard  to  his  studies 
on  the  "Aphyoditeina,"  Gery  (1973:  81) 
noted  that  the  possible  relationship  of  P. 
innesi  to  the  "Aphyoditeina"  needs  to  be 
considered. 

It  is  difficult  to  summarize  Gery's  views 
about  the  relationships  of  the  three  neon 
tetras.  As  noted  above,  he  continued  to 
place  them  in  three  different  genera,  with 
Paracheirodon  innesi  and  Cheirodon  ax- 
ehodi in  one  subfamily,  the  Cheirodontin- 
ae,  and  Hyphessobrycon  simulans  in  the 
Tetragonopterinae.  He  appeared  to  be- 
lieve that  P.  innesi  and  P.  axehodi  must 
be  related  in  some  way  even  though  pos- 
sessing "technical"  characters  that  "re- 
quired" their  placement  in  separate  gen- 
era and  separate  sections  of  the 
Cheirodontinae.  He  also  stated  that  these 
two  species  belong  in  "borderline"  chei- 
rodontine  groups,  near  the  Tetragonopter- 
inae, but  suggested  (Gery,  1963:  71)  that 
Hyphessobrycon  simulans  acquired  its 
"neon"  color  pattern  independently  of  P. 
innesi  and  P.  axehodi. 

Another  hypothesis  regarding  the  rela- 
tionships of  these  fishes  has  been  proposed 
by  Scheel  and  Christensen  (1970)  and 
Scheel  (1972),  who  studied  the  chromo- 
somes of  these  small  characids.  They  pro- 
posed that  P.  innesi  and  P.  axehodi  are 
".  .  .  distantly  related,  the  similarities  [sic] 
colors  reflecting  convergence  and  not  close 
relationships  "  (Scheel  and  Christensen, 
1970:  31)  and  that  P.  simulans  ".  .  .  is 
karyotypically  much  closer  to  a  large 
number  of  dissimilar-looking  tetras  than 
to  the  other  two  neon  tetras  "  (Scheel,  1972: 
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Figure  4.     Skull  and  pectoral  girdle  of  large  adult  female  Paracheirodon  axelrodi,  SL  31 .3  mm,  USNM  216910,  lateral  view,  left 
side. 


65).  These  authors'  analyses  can  be  faulted 
for  several  reasons  which  are  dealt  with 
in  more  detail  below  (see  discussion  on 
currently  uninformative  characters).  Suf- 
fice it  to  say  here  that  the  concept  of  re- 
lationships used  appears  to  be  phenetic  and 
there  was  no  attempt  by  the  authors  to 
distinguish  derived  from  primitive  simi- 
larities in  the  karyotypes. 

In  an  anonymous  introduction  to  the 
study  of  the  chromosomes  of  P.  innesi  and 
P.  axelrodi  by  Scheel  and  Christensen 
(1970:  24),  the  following  paraphrased 
opinion  was  expressed.  To  many  aquarists 
the  cardinal  and  neon  tetras  appear  very 
similar,  their  most  obvious  differences 
being  in  the  extent  of  the  red  pigment 
along  the  sides  of  the  body.  Since  the  two 
species  also  have  similar  behavior  (appar- 
ently including  breeding  behavior)  and 
roughly  similar  aquarium  requirements,  a 
few  interested  aquarists  have  concluded 
that  these  species  are  sufficiently  alike  so 


that  their  separate  generic  placement  is  of 
doubtful  validity  and  that  they  should  be 
placed  in  one  genus.  It  was  then  pointed 
out  by  the  anonymous  author  that  evi- 
dence presented  by  Scheel  and  Christen- 
sen suggested  that  their  similarities  are  due 
to  convergence.  Our  own  analysis  indi- 
cates that  the  aquarists  are  closer  to  the 
truth  than  most  of  the  various  investi- 
gators publishing  on  the  subject.  One 
aquarist,  Madsen  (1975:  162),  was  so  con- 
fident of  the  seemingly  obvious  relation- 
ship between  P.  sinmlans  and  P.  axelrodi 
that  he  placed  both  species  in  the  genus 
Cheirodon.  Another  author.  Van  Ram- 
shorst  (1981:  142),  placed  P.  innesi  in 
Cheirodon. 

Although  we  have  found  synapomor- 
phies  that  indicate  a  relationship  among 
the  three  species  of  Paracheirodon  as  de- 
fined below,  we  have  been  unable  to  for- 
mulate a  hypothesis  of  their  relationship 
to  any  other  specific  characid  group.  In 


Paracheirodon  Relationships  •  Weitzman  and  Fink        353 


pterotic 


parietal 


pterosphenoid 
orbitosphenoid 


frontai\ 

rhinosphenoid 

lateral  ethmoid 
nasa 

mesethmoid 

vomer 
premaxilla 
ontorbita 
palatine 
infraorbital  1 
ectopterygoid 
dentary 
maxilla 
mesopterygoid 

infraorbital  2 
anguloarticular 

retroarticular 


supraoccipital 
posttemporal 
epioccipital 

exoccipital 


basioccipital 

opercle 
hyomandibula 
supracleithrum 

postcleithrum    1 


cleithrum 

subopercle 
interopercle 
preopercle 


"^"^^'^^^^branchostegal  rays  ^infraorbital  3 


Figure  5.     Diagram  of  skull  and  pectoral  girdle  of  Paracheirodon  axelrodi  witti  eacti  bone  represented  by  a  different  pattern. 
Adult  female.  SL  31.3  mm,  USNM  216910,  lateral  view,  left  side. 


part  this  may  be  due  to  the  poor  morpho- 
logical information  available  for  possibly 
related  characid  groups.  Before  forming 
hypotheses  of  relationship  among  the  var- 
ious groups  of  small  and  miniature  char- 
acids,  those  groups  need  to  be  diagnosed 
by  further  phylogenetic  studies.  The  pres- 
ent contribution  is  only  a  beginning  at- 
tempt to  identify  monophyletic  characid 
groups. 

Paracheirodon  Gery 

Paracheirodon  Gery,  1960b:  12  (type  species:  Hy- 
phessobrycon  innesi  Myers,  by  original  designa- 
tion). 

Lamprocheirodon  Gery,  1960b:  13,  as  a  subgenus 
(type  species:  Cheirodon  axelrodi  Schultz,  by  orig- 
inal designation). 


Phylogenetic  Analysis  of 
Paracheirodon 

Below  we  present  evidence  for  the 
monophyly  of  Paracheirodon.  For  each 
character,  the  derived  state  is  listed  first, 
followed  by  the  character  as  found  in  out- 
groups. 

In  the  skull  figures  we  use  a  diagram- 
matic representation  with  a  standardized 
pattern  for  each  bone.  The  skull  of  P.  ax- 
elrodi, unlabeled  in  Figure  4,  is  repeated 
and  labeled  in  pattern  form  in  Figure  5. 
These  two  figures  are  provided  in  part  as 
a  guide  to  the  use  of  the  remaining  skull 
figures. 

The  following  characters  are  synapo- 
morphies  for  the  neon  tetras. 
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1)  In  life  there  is  an  intense  blue  or  blue-  terolateral  border  of  the  posttemporal  fos- 
green  lateral  body  stripe.  In  other  chara-  sa,  where  it  attaches  either  to  the  pterotic 
cids,  a  lateral  body  stripe  is  common,  most  or  sphenotic  bones  (Figs.  6-8).  In  other 
often  silvery,  or  also  reddish,  red  orange,  characids  examined  (Figs.  9-18)  this  apo- 
and  pale  green,  but  never  of  the  intensity  neurosis  extends  from  a  spinous  process  of 
found  in  Paracheirodon.  the  pterotic  bone  located  at  the  ventral 

2)  In  life  dense  red  pigment  is  restricted  border  of  the  posttemporal  fossa.  The 
to  the  region  ventral  to  the  lateral  stripe,  pterotic  aponeurosis  is  attached  posterior- 
All  other  American  characids  in  which  live  ly  to  epaxial  body  musculature  in  all  cases, 
pigmentation  is  known  lack  the  dense  pig-  5)  The  joint  between  the  posttemporal 
ment  of  this  pattern.  Gery  (1966a:  116)  and  supracleithrum  is  placed  at  or  dorsal 
stated  that  in  freshly  preserved  Axelrodia  to  the  midpoint  of  the  vertical  length  of 
riesei  ".  .  .  the  fish  is  almost  entirely  of  the  the  posterior  border  of  the  posttemporal 
same  red  color  as  that  of  the  cardinal  tet-  fossa  (Figs.  6-8).  In  other  characids  ex- 
ra,  Cheirodon  axelrodi;  only  the  belly  and  amined  (Figs.  9-18)  the  joint  lies  at  or 
lower  part  of  the  head  are  plain;  .  .  ."  The  ventral  to  the  ventral  border  of  the  post- 
distribution  of  the  red  pigment  of  A.  rie-  temporal  fossa. 

sei  over  most  of  the  body  as  described  by  6)    The   epioccipital   bridge    (very   re- 

Gery  is  different  from  that  of  Parachei-  duced   and   occasionally   absent   in   some 

rodon.  Further,  we  suspect  that  the  inten-  specimens  of  P.  sirnulans,  Fig.  6)  lies  at 

sity  of  the  color  in  Gery's  specimens  of  the  dorsal  border  of  the  posttemporal  fos- 

Axelrodia  can  be  attributed  to  fixation  ar-  sa  (Figs.  7,  8).  It  bisects  the  fossa  in  its 

tifact   caused   by   formalin.    Many   small  mid-region  or  lies  just  dorsal  to  it  in  most 

characids  with  silvery  or  white  abdominal  characids  (Figs.  9-11).  In  Hemigrammus 

pigment,  when  fixed  in  formalin,  develop  erythrozonus  (Fig.   12),  Axelrodia  riesei 

a  pink  or  even  red  abdominal  region.  A  (Fig.  IS),  Brittanichthys  axelrodi  (Fig.  14), 

photograph    of    Axelrodia    riesei    in    life  Characidium  sp.  (Fig.   16),  and  Elacho- 

(Gery,  1966a:  111,  Fig.  1)  shows  much  less  charax  geryi  (Fig.  18)  the  bridge,  or  parts 

red    than    the    preserved    specimen.    We  of  it,  are  placed  dorsally  but  never  as  far 

know  of   no  other  species  of   American  as  in  the  species  of  Paracheirodon.  In  some 

characids    whose    pigmentation    can    be  characids  the  epioccipital  bridge  is  absent 

compared  to  that  of  the  Paracheirodon  (Fig.  15  of  Tyttocharax  madeirae,  a  glan- 

species.  dulocaudine,  and  Fig.  17  of  Klansewitzia 

The  red  pigmentation  extends  well  an-  aphanes,  a  characidiinin).  This  absence  of 

terior  to  the  pelvic  fins  in  P.  axelrodi  and  an  epioccipital  bridge  is  most  parsimoni- 

P.  sirnulans.  In  P.  innesi  the  red  pigment  ously  interpreted  as  independently  lost  in 

does  not  extend  to  the  pelvic-fin  base.  Lack  these  two  "subfamilies"  and  in  Parachei- 

of  a  precise  outgroup  prevents  our  use  of  rodon  sirnulans. 

this  pigment  distribution  for  phylogenetic  7)  The  ventral  posttemporal  ligament 

evaluation  within  Paracheirodon.  extends  between  the  ventral  arm  or  pro- 

3)  A  stripe  of  dark  brown  or  black  chro-  cess  of  the  posttemporal  bone  and  the  in- 
matophores  underlies  and  extends  dorsal  tercalar.  The  latter  is  located  on  the  lateral 
to  the  blue  lateral  stripe.  In  other  chara-  surface  of  that  part  of  the  pterotic  bone 
cids  with  a  colored  lateral  stripe  the  un-  which  bears  the  horizontal  semicircular 
derlying  dark  chromatophores,  when  not  canal.  In  other  characids  examined  the  in- 
restricted  to  the  immediate  area  of  the  tercalar  and  its  attached  ligament  are 
colored  stripe,  lie  ventral  to  the  colored  placed  at  or  very  near  to  the  common  joint 
stripe  rather  than  dorsal  to  it.  area  of  the  pterotic,  exoccipital,  and  the 

4)  The  pterotic  aponeurosis  is  attached  basioccipital. 

to  the  cranium  near  the  middle  of  the  an-  8)  The  dorsal  profile  of  the  parietal  bone 
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Figure  6.  Postocular  skull  region  and  dorsal  part  of  pectoral 
qirdle  of  Paracheirodon  simulans,  adult  female,  SL  23.9  mm, 
USNM  216738,  lateral  view,  left  side. 

Key  to  Patterns:  See  Figure  5,  p.  351 . 


Figure  8.  Postocular  skull  region  and  dorsal  part  of  pectoral 
girdle  of  Paracheirodon  innesi,  adult  female,  SL  24.6  mm, 
USNM  216912,  lateral  view,  left  side. 

Key  to  Patterns:  See  Figure  5,  p.  351. 


is  flat  or  concave  in  lateral  view  and  the 
supraoccipital  projects  dorsally  from  the 
posterior  border  of  the  parietal  (Figs.  6- 
8).  This  character  is  evident  in  the 
"pinched  nape"  look  seen  in  Figures  1  to 
3  of  live  specimens.   In  other  relatively 


slender  characids  examined  with  a  rela- 
tively elongate  body  shape,  the  dorsal  pro- 
file of  the  posterior  region  of  the  skull  is 
approximately  straight  (Figs.  9,  11-18).  In 


Figure  7.  Postocular  skull  region  and  dorsal  part  of  pectoral 
girdle  of  Paracheirodon  axelrodl.  adult  female,  SL  31 .3  mm, 
USNM  216910,  lateral  view,  left  side. 

Key  to  Patterns:  See  Figure  5,  p.  351 . 


Figure  9.  Posterior  region  of  skull  and  pectoral  girdle  of  As- 
tyanax  fasciatus  mexicanus,  female,  SL  52.4  mm,  MCZ  41365, 
lateral  view,  left  side. 

Key  to  Patterns:  See  Figure  5,  p.  351 . 
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Figure  10.  Postocular  region  of  skull  and  pectoral  girdle  of  Figure  12.  Postocular  region  of  skull  and  pectoral  girdle  of 
Gymnocorymbus  thayerl,  adult,  SL  27.5  mm,  CAS(IUM)  15881,  Hemigrammus  erythrozonus.  adult  male,  SL  24.2  mm,  USNM 
lateral  view,  left  side.  216709,  lateral  view,  left  side.  Note:  Extrascapular  of  contra- 

Key  to  Patterns:  See  Figure  5,  p.  351 .  '^^^''^I  side  is  a  single  bone. 

Key  to  Patterns:  See  Figure  5,  p.  351. 


Figure  11.  Postocular  region  of  skull  and  pectoral  girdle  of  Figure  13.  Postocular  region  of  skull  and  pectoral  girdle  of 
Ctieirodon  interruptus.  adult  female,  SL  27.0  mm,  Ff^NH  /Axe/rod/a  r/ese(,  SL  16.2  mm,  USNM  221681,  lateral  view,  left 
50629,  lateral  view,  left  side.  side. 


Key  to  Patterns:  See  Figure  5,  p.  351. 


Key  to  Patterns:  See  Figure  5,  p.  351. 
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Figure  14.  Postocular  region  of  skull  and  pectoral  girdle  of 
Bhttanichthys  axelrodi.  adult  female,  SL  22.2  mm,  USNM 
221682,  lateral  view,  left  side. 

Key  to  Patterns:  See  Figure  5,  p.  351 . 


Figure  16.  Postocular  region  of  skull  and  pectoral  girdle  of 
Characldium  sp.,  adult,  SL  35.0  mm,  USNM  222017,  lateral 
view,  left  side. 

Key  to  Patterns:  See  Figure  5,  p.  351 . 


is  concave,  with  the  parietal  and  supra- 
occipital  curving  dorsally. 


deep-bodied  characids  such  as  Gymno- 
corymbus  thayeri  (Fig.  10),  the  entire 
dorsal  profile  from  anterior  to  the  epiphy- 
seal bar  of  the  frontal  bone  and  the  pos- 
terodorsal  apex  of  the  supraoccipital  spine 


Figure  15.  Postocular  region  of  skull  and  pectoral  girdle  of 
Tyttocharax  madeirae,  adult  male,  SL  17.9  mm,  USNM 
222007,  lateral  view,  left  side. 

Key  to  Patterns:  See  Figure  5,  p.  351. 


Key  to  Species  of  Paracheirodon 

la.  Prema.xilla  with  teeth  in  2  distinct  rows  (Fig. 
19A-E);  outer  row  of  1  or  sometimes  2 
conical  teeth;  inner  row  of  4-5  multicus- 
pid teeth  with  .5-9  cusps;  maxilla  usually 
toothless,  sometimes  with  1  conical  tooth; 
dorsal  fin  with  7-8,  usually  8,  branched 
rays;  pectoral  fin  with  7-9,  usually  8, 
branched  rays;  pelvic  fin  with  5-6,  usu- 
ally 6,  branched  rays;  blue-green  stripe  on 
body  sides  of  live  specimens  posteriorly 

terminating  at  caudal-fin  base 

Paracheirodon  simulans 

lb.  Premaxilla  with  teeth  in  1  row  or  with  1 
row  having  1  or  2  teeth  somewhat  offset 
anteriorly  at  their  bases  (Fig.  20A-D,  Fig. 
21A-E,  Fig.  22A-C)  [sometimes  aged 
aquarium  specimens  will  have  abnormal 
teeth  in  two  irregular  rows  (Fig.  23A-D)]; 
premaxillary  tooth  row  with  5  teeth,  each 
with  5  cusps  (specimens  less  than  10  mm 
SL  with  3  cusps)  or  with  6-7  teeth,  each 
with  3  cusps;  maxilla  with  1  tooth  having 
3-5  cusps  or  2-3  teeth  having  3  cusps; 
dorsal  fin  with  8-9,  almost  always  9, 
branched  rays;  pectoral  fin  with  10-13, 
usually  10-12,  branched  rays;  pelvic  fin 
with  7,  rarely  6,  branched  rays;  blue-green 
stripe  on  body  sides  of  live  specimens  pos- 
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Figure  17.  Postocular  region  of  skull  and  pectoral  girdle  of 
Klausewitzia  aphanes.  adult,  SL  14.9  mm,  USNM  221995, 
lateral  view,  left  side. 

Key  to  Patterns:  See  Figure  5.  p.  351 . 


teriorly  terminating  near  adipose-fin  base, 
not  reaching  caudal-fin  base  2 

2a.  Prema.xilla  with  1  row  of  5  teeth  each  hav- 
ing .5  cusps  (3  cusps  in  specimens  of  less 
than  10  mm  SL)  (Fig.  20A-D);  ma.xilla 
with  1  tooth  with  5  cusps;  dentary  with 
anterior  teeth  often  having  5,  but  up  to  7 
cusps;  ventral-limb  gill  rakers  12-14,  usu- 
ally 12-13;  perforated  lateral-line  scales 
5-8,  usually  6-7;  red  pigment  on  body 
sides  of  live  specimens  extending  well  an- 
terior to  pelvic-fin  base 

Paracheirodon  axelrodi 

2b.  Premaxilla  with  1  row  of  6-7,  rarely  8,  teeth 
each  having  no  more  than  3  cusps  (Fig. 
21A-E,  Fig.  22A-C);  often  1  or  some- 
times 2  of  these  teeth  offset  anteriorly  at 
their  bases  giving  appearance  of  2  rows 
unless  flesh  is  cleared  to  base  of  teeth 
where  their  approximation  to  1  row  can 
be  seen  (Fig.  21  A, B);  maxilla  with  2-3 
teeth,  each  with  no  more  than  3  cusps 
(Fig.  21C,D);  each  dentary  tooth  with  no 
more  than  3  cusps  (Fig.  21 F);  ventral-limb 
gill  rakers  10-11,  usually  11;  perforated 
lateral-line  scales  3-6,  usually  4-5;  red 
pigment  on  body  sides  of  live  specimens 
not  extending  anterior  to  pelvic-fin  base 
Pa rachei rodun  inn esi 


Figure  18.  Postocular  region  of  skull  and  pectoral  girdle  of 
Elachocharax  geryi.  small  adult,  SL  12.5  mm,  USNM  215288, 
lateral  view,  left  side. 

Key  to  Patterns:  See  Figure  5,  p.  351 . 


Paracheirodon  simulans  (Gery) 
Figures  1,  6,  19C,  24C,  25;  Tables  1,  4 
to  7 

Hyphessobrycon  simulans  Gery,  1963:  15,  original 
description,  Brazil,  "in  the  Rio  Purus  (see  discus- 
sion. Appendix  2). — Gery,  1966c:  231,  correction 
of  type  locality. — Scheel,  1972:  60,  relationships 
based  on  chromosomes. — Gery,  1977:  474,  563,  587, 
relationships. 

Cheirodon  simulans  (Gery),  Madsen,  1975:  162, 
aquarium  description,  referral  of  P.  simulans  to 
Cheirodon. 

Specimens  Examined.  1,  paratype,  USNM  197510, 
SL  16.1  mm,  Brazil,  Amazonas,  Rio  Jufari  (=Tupari) 
ri5'S,  62°0'W),  tributary  to  Rio  Negro  near  mouth 
of  Rio  Branco,  November  1962,  H.  W.  Schwartz 
[Note:  original  type  locality  listed  by  Gery  (1963)  as 
"lower  Rio  Purus,  Amazonas,  Brazil  was  corrected 
to  that  given  above  by  Gery  (1966c)].  — 12,  USNM 
216896,  SL  12.0-13.3  mm,  Venezuela,  Amazonas, 
cafio  tributary  to  Rio  Orinoco  approximately  14  km 
east  of  San  Fernando  de  Atahapo  (4°4'N,  67°42'W), 
14  April  1972,  Alvaro  Cortez. — Following  lots  with 
same  localitv  information  as  USNM  216896  preceed- 
ing:  11,  MBUCV-V  7283,  SL  10.4-14.2  mm;  12,  ANSP 
138020,  SL  10.3-13.7  mm;  3  alizarin  preparations, 
USNM  216915,  SL  12.5-14.6  mm— 1,  MBUCV-V 
7471,  SL  17.8  mm,  Venezuela,  Amazonas,  cafio  20 
km  east  of  San  Fernando  de  Atabapo  (4°4'N,  67°42"W) 
towards  Santa  Barbara,  13  April  1972,  Alvaro  Cor- 
tez—3,   USNM  216750,  SL   13.1-15.0  mm  and  3, 
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Figure  19.  Teeth  and  jaws  of  Paracheirodon  simulans.  A.  Premaxilla,  ventral  view,  right  side  of  adult  SL  20.0  mm,  USNM 
216913.  B.  Premaxilla,  ventral  view,  right  side  of  large  adult,  SL  23.9  mm,  USNM  216913.  C.  Premaxilla,  maxilla,  infraorbital 
1,  antorbital,  and  reduced  nasal  bone,  anterolateral  view,  right  side  of  adult,  SL  20.0  mm,  USNM  216913.  D.  Same  series  of 
bones  as  in  C.  preceeding  (nasal  bone  absent),  anterolateral  view,  large  adult,  SL  23.9  mm,  USNM  216913.  E.  Transparency 
of  premaxilla,  anterolateral  view  of  adult,  SL  20.0  mm,  USNM  216913,  showing  position  of  replacement  teeth  within  bone.  F. 
Dentary,  medial  view,  right  side  of  large  adult,  SL  23.9  mm,  USNM  216913. 
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onterior 


anterior 


Figure  20.  Teeth  and  jaws  of  Parachelrodon  axelrodi.  A.  Premaxilla,  ventral  view,  right  side  of  large  adult,  SL  33.1  mm,  USNM 
216910.  Nearly  fully  developed  replacement  teeth  posterior  to  teeth  ankylosed  to  jaw  produce  appearance  of  two  tooth  rows. 
B.  Premaxilla,  maxilla,  infraorbital  1,  antorbital,  and  nasal  bones  in  anterolateral  view,  right  side  of  large  adult,  SL  33.1  mm, 
USNM  216910.  C.  Same  series  of  bones  as  in  B.  preceeding,  anterolateral  view,  right  side  of  juvenile,  SL  10.1  mm,  MCZ 
52459.  D.  Same  series  of  bones  as  in  B.  preceeding,  anterolateral  view,  right  side  of  juvenile,  SL  1 1 .9  mm,  MCZ  52459.  E. 
Dentary,  medial  view,  right  side  of  large  adult,  SL  33.1  mm,  USNM  216910.  F.  Dentary,  medial  view,  right  side  of  juvenile,  SL 
10.1  mm,  MCZ  52459. 
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Figure  21.  Teeth  and  jaws  of  Paracheirodon  Innesi.  A.  Premaxilla,  ventral  view,  right  side  of  adult,  SL21.5  mm,  USNM  216912. 
B.  Premaxilla,  ventral  view,  right  side  of  adult,  SL  21.8  mm,  USNM  216912.  C.  Premaxilla,  maxilla,  infraorbital  1,  antorbital, 
and  nasal  of  adult,  anterolateral  view,  right  side,  adult,  SL  21.5  mm,  USNM  216912.  D.  Same  series  of  bones  as  in  C. 
preceeding,  anterolateral  side  of  adult,  SL  21.8  mm,  USNM  216912.  E.  Transparency  of  premaxilla,  anterolateral  view  of  adult, 
SL  21.5  mm,  USNM  216912,  showing  position  of  replacement  teeth  within  bone.  F.  Dentary,  medial  view,  right  side  of  adult, 
SL21.5mm,  USNM  216912. 
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Figure  22.  Premaxillary  bone  of  Paracheirodon  innesi  juve- 
nile, SL  13.5  mm,  MCZ  52156.  A.  Anterior  view,  left  side.  B. 
Ventral  view,  left  side.  C.  Anterior  view,  left  side;  bone  stnown 
as  transparent  so  that  position  of  replacement  teeth  may  be 
seen. 


MBUCV-V  8653,  Venezuela,  Amazonas,  upper  Rin 
Orinoco,  affluent  of  Cano  Cadabaudi  at  Esmeralda 
(3°irN,  65°34'W),  25  January  1969,  Francisco  Mago- 
Leccia,  Jose  Mosco,  Antonio  Machado. — Following 
specimens  all  collected  for  aquarium  trade,  some  with 
at  least  modestly  helpful  locality  information:  13, 
USNM  216737,  'SL  10.1-19.6  mm,  Colombia,  Vi- 
chada,  collected  "out  of  Puerto  Correiio"  (6°12'N, 
67°3()'W)  at  mouth  of  Rio  Meta  into  Rio  Orinoco, 
July-September  1975  for  Capt.  E.  Siaz.  Note:  it  is 
very  likel>  that  these  fishes  were  collected  at  various 
sites  south  of  Puerto  Correno,  in  tributaries  of  the 
Rio  Orinoco  in  both  Colombia  and  Venezuela. — Fol- 
lowing l(jls  have  same  locality  information  as  USNM 
216737  immediately  preceeding:  12  alizarin  prepa- 
rations, IfSNM  216736,  SL  9.3-20.3  mm;  7,  USNM 


216911,  SL  11.2-13.5  mm;  10  alizarin  preparations, 
MCZ  52339,  SL  10.9-19.5  mm;  4,  ANSP  137964,  SL 
11.5-16.6  mm;  2,  BMNH  1977.3.11.5-6,  SL  11.9- 
17.3  mm;  4,  MZUSP,  SL  10.4-19.1  mm.— 5,  USNM 
216738,  SL  17.0-23.5  mm  and  4  alizarin  prepara- 
tions, USNM  216913,  SL  21.2-23.9  mm,  aquarium 
specimens  possibly  from  same  locality  as  USNM 
216737  or  from  some  aquarium  collection  station  on 
upper  Rio  Negro  in  Amazonas,  Brazil,  1974  or  1975. 
Paracheirodon  sin\ulans  occurs  in  the  upper  Rio 
Negro  region  of  Brazil  from  near  the  mouth  of  the 
Rio  Branco  and  in  the  Rio  Orinoco  in  the  region  of 
San  Fernando  de  Atabapo  and  the  mouth  of  Rio  Meta 
into  the  Rio  Orinoco.  The  original  collector,  Hans 
Willi  Schwartz,  told  us  that  P.  simulans  also  occurs 
in  the  upper  Rio  Negro  areas  between  the  mouth  of 
the  Rio  Branco  and  the  Rio  Orinoco  headwaters  and 
that  although  the  ranges  of  P.  axelrodi  and  P.  sim- 
ulans occur  in  the  same  general  geographical  areas, 
they  in  fact  do  not  live  in  the  same  portions  of  the 
tributaries  of  large  rivers  such  as  the  Rio  Negro  and 
Rio  Orinoco.  He  found  P.  simulans  in  the  upper 
sections  of  these  tributaries  away  from  the  main  river 
and  P.  axelrodi  in  the  lower  portions,  in  the  varzea 
and  terra  firme  areas.  Both  species  live  in  terra  firme 
streams  but  apparently  not  in  the  same  localities. 

Description.  See  Table  1  for  morpho- 
metries and  meristics  of  individual  popu- 
lation samples.  Morphometries  given  be- 
low are  totals  for  all  samples,  including 
some  not  recorded  in  Table  1.  Specimens 
from  Venezuela  were  not  measured  and 
scales  could  not  be  counted  because  they 
were  partly  deossified  and  very  soft,  hav- 
ing been  in  unbuffered  formalin  for  sev- 
eral years.  Specimens  measured  from  vi- 
cinity of  Puerto  Correiio  are  aquarium 
imports,  most  of  which  were  preserved  a 
few  weeks  after  reaching  the  United 
States.  We  offer  these  measurements  only 
as  the  best  available  for  this  species  and 
point  out  that  aquarium  and  transporta- 
tion conditions  may  have  altered  the 
growth  of  these  specimens. 

Body  moderately  elongate,  not  com- 
pressed, greatest  depth  at  a  vertical  line 
near  origin  of  pelvic  fins.  Predorsal  body 
profile  moderately  convex  to  nape  where 
it  is  concave.  Dorsal  profile  of  head  slight- 
ly convex.  Body  profile  very  slightly  or 
not  at  all  elevated  at  dorsal-fin  origin; 
slightly  convex  or  straight  along  dorsal-fin 
base;  straight  to  slightly  convex  between 
dorsal-fin    base    and    adipose-fin    origin. 
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Table  1.      MoRPHOMETRICS  and  MERISTICS  oi-  ParachriroddU  siiiiulaus.f 


Para  type 

C'olotn 

hia,  I'ucrt< 

1  Correno 

n 

Raiij^i 

\ 

Low 

High 

su 

Standard  length 

15.4 

25 

9.6 

20.2 

15.7 

Greatest  bod\  depth 

29.9 

25 

25.0 

31.3 

28.1 

1.525 

Snout  to  dorsal-fin  origin 

56.5 

24 

51.2 

55.2 

53.5 

1.226 

Snout  to  pectoral-fin  origin 

27.9 

25 

23.8 

30.2 

27.2 

1.395 

Snout  to  peK  ic-fin  origin 

51.3 

24 

46.8 

51.8 

49.5 

1.105 

Snout  to  anal-fin  origin 

65.6 

25 

58.6 

66.3 

63.3 

1.792 

E\e  to  dorsal-fin  origin 

41.6 

24 

35.7 

42.1 

38.2 

1.482 

Dorsal-fin  origin  to  caudal-fin  base 

49.4 

24 

45.5 

52.1 

49.9 

1.561 

Caudal  peduncle  depth 

11.7 

25 

8.3 

11.0 

10.1 

0.699 

Caudal  peduncle  length 

15.6 

25 

14.2 

17.9 

16.2 

0.757 

Pectoral-fin  length 

16.9 

25 

16.0 

19.8 

18.2 

1.020 

Pelvic-fin  length 

12.3 

23 

12.7 

16.3 

14.7 

0.890 

Dorsal-fin  base  length 

12.3 

24 

10.2 

12.9 

11.4 

0.676 

Longest  dorsal-fin  ra\  length 

25.3 

22 

21.9 

26.9 

24.2 

1.293 

Anal-fin  base  length 

23.4 

25 

22.0 

26.3 

23.6 

1.108 

Longest  anal-fin  ray  length 

18.8 

22 

16.7 

21.7 

19.6 

1.279 

Bony  head  length 

26.0 

25 

21.9 

28.1 

24.9 

1.248 

Horizontal  eye  diameter 

42.5 

25 

39.6 

51.4 

44.2 

3.068 

Snout  length 

22.5 

25 

16.1 

23.8 

19.7 

1.914 

Least  bon\  interorbital  width 

32.5 

23 

29.6 

36.4 

32.6 

1.972 

Upper  jaw  length 

35.0 

25 

32.4 

43.8 

35.9 

2.741 

Branched  dorsal-fin  rays 

8 

31 

7 

8 

7.7 

0.445 

Branched  pectoral-fin  rays 

8 

32 

7 

9 

8.1 

0.354 

Branched  pelvic-fin  rays 

6 

32 

5 

6 

6.0 

0.177 

Branched  anal-fin  rays 

15 

32 

14 

18 

16.0 

0.822 

Horizontal  scale  rows  between  dorsal 

fin  and  pelvic  fin 

9 

22 

9 

9 

9.0 

0.000 

Predorsal  scales 

10 

22 

10 

10 

10.0 

0.000 

Perforated  lateral-line  scales 

— 

20 

0 

5 

2.6 

1.569 

Lateral  series  scales 

32 

21 

29 

32 

30.9 

0.700 

Horizontal  scale  rows  around  caudal 

peduncle 

12 

22 

12 

12 

12 

0.000 

Dorsal-limb  gill  rakers 

6 

42 

5 

6 

5.9 

0.328 

\'entral-limb  gill  rakers 

11 

42 

10 

12 

11.2 

0.484 

\'ertebrae 

32 

42 

32 

33 

32.4 

0.507 

t  Paratype  USNM  197510  and  from  Puerto  Correno,  Colombia,  USNM  216737,  USNM  216736,  USNM 
21091,  and  MCZ  52339.  Standard  length  is  expressed  in  mm.  The  ne.xt  16  measurements  (through  head 
length)  are  percentages  of  standard  length.  The  following  four  measurements  are  percentages  of  bony  head 
length. 


Caudal  peduncle  slightly  concave  in  both 
dorsal  and  ventral  profiles.  Dorsal  fin  mid- 
way between  caudal-fin  base  and  snout  tip 
or  slightly  nearer  caudal-fin  base.  Ventral 
body  profile  slightly  convex  from  anterior 
tip  of  lower  jaw  to  posterior  anal-fin  ter- 
mination. 

Head  and  snout  relatively  short,  snout 
blunt.    Mouth   terminal.    Gape    angled 


somewhat  anterodorsally  from  mandibu- 
lar joint  to  snout  tip.  When  mouth  closed, 
maxilla  extends  posteriorly  to  a  point  ap- 
proximately on  a  vertical  line  drawn  ven- 
trally  from  anterior  border  of  pupil. 

Dorsal-fin  rays  ii-7  to  ii-8,  usually  ii-8 
(rarely  iii-8  with  first  unbranched  ray  ex- 
tremely short),  n  =  34;  adipose  fin  present 
in  all  specimens;  anal-fin  rays  iii-15  to  iii- 
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Figure  23.  Teeth  and  jaws  of  Paracheirodon  innesi.  A.  Premaxilla,  ventral  view  of  4  year  adult,  SL  25.7  mm,  USNM  216912. 
B.  Premaxilla,  ventral  view  of  4  year  adult,  SL  24.6  mm,  USNM  216912.  C.  Premaxilla,  maxilla,  infraorbital  1,  and  antorbital 
(nasal  is  absent),  anterolateral  view,  right  side  of  adult,  SL  25.7  mm,  USNM  216912.  D.  Premaxilla  and  maxilla,  anterolateral 
view,  nght  side  of  adult,  SL  24.6  mm,  USNM  216912.  E.  Dentary,  medial  view,  nght  side  of  adult,  SL  25.4  mm,  USNM  216912. 
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18,  Lisuallv  iii-16  (once  iv-16  and  twice  iv- 
17),  n  =  34;  pectoral-fin  rays  i-7  to  i-9, 
usnally  i-8,  n  =  34;  pelvic-fin  rays  i-5  to 
i-6,  (only  one  specimen  with  i-5),  n  =  34; 
caudal-fin  rays  10/9,  n  =  34.  No  bony  pel- 
vic-fin hooks  found  in  mature  male  spec- 
imens. 

Scales  cycloid.  Lateral  line  incomplete 
(or  absent,  one  specimen),  perforated  lat- 
eral-line scales  0  to  5,  usually  3,  n  =  24; 
scales  in  a  lateral  series  29  to  33,  usually 
31,  n  =  25;  scale  rows  between  anterior 
dorsal-fin  base  and  pelvic-fin  base  9,  n  = 
28;  predorsal  scales  9  to  10,  usually  10  (9 
in  one  specimen),  n  =  28;  horizontal  scales 
rows  around  caudal  peduncle  12,  n  =  28. 

Dorsal-limb  gill  rakers  5  to  7,  usually  6, 
n  =  42;  ventral-limb  gill  rakers  10  to  12, 
usually  11,  n  =  42. 

Total  number  of  vertebrae  including 
Weberian  apparatus  and  terminal  com- 
pound centrum  32  to  34,  usually  32,  n  = 
32. 

Dental  Morphology.  Premaxilla  with 
two  tooth  rows,  an  inner  row  of  four  to 
five  multicuspid  teeth  and  an  outer  row 
of  one  to  two  conical  teeth  (Fig.  19A-E). 
Smallest  specimens  available  to  us,  SL  11.1 
and  11.4  mm,  all  USNM  216911,  with  four 
inner  row  premaxillary  teeth;  available 
specimens  larger  than  preceding  all  with 
five.  Tooth-cusp  formula  variable  in  the 
wild-caught  specimens;  representative 
cusp  numbers  6653  [6  (median  tooth),  6 
(tooth  lateral  to  median  tooth),  5  (next  lat- 
eral in  series),  3  (lateral  tooth)]  (in  a  spec- 
imen 11.4  mm  SL),  67763  (SL  11.8  mm), 
and  69865  (SL  13.8  mm),  USNM  216911. 
Note  that  in  larger  specimens  two  teeth 
immediately  lateral  to  symphyseal  tooth 
have  greatest  number  of  cusps.  Positive 
correlation  occurs  between  fish  size  and 
total  number  of  cusps  on  inner-row  teeth, 
based  on  our  small  sample  of  wild-caught 
specimens  (USNM  216911),  SL  11.1  to 
13.8  mm,  n  ==  7,  X  =  12.2.  In  these  speci- 
mens, total  cusp  number  (added  over  all 
inner  row  teeth)  gave  regression  statistics 
of:  y-intercept  =  26.0;  slope  =  4.3;  corre- 
lation  coefficient  =  0.87.    The   few   adult 
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Figure  24.  Face  bones  of  the  neon  tetras.  Circumorbital  bones 
represented  by  plus-sign  (^)  pattern.  Lateral  view,  left  side. 
A.  Paracheirodon  axelrodl.  SL  31.3  mm,  USNM  216910.  B. 
Paracheirodon  innesi.  SL  16.4  mm,  MCZ  52156.  C.  Parach- 
eirodon simulans.  SL  20.4  mm,  USNM  216738, 


specimens  available  are  aquarium  raised 
and  are  not  analyzed  statistically;  never- 
theless, we  report  SL  and  tooth  formula 
here  for  comparison  with  wild-caught  ju- 
veniles: SL  20.2  mm,  79977;  SL  21.1  mm, 
57655;  SL  23.9  mm,  68755;  all  USNM 
216736.  The  degree  of  variability  of  these 
three  specimens  may  be  the  result  of  their 
artificial  diet.  Nevertheless,  the  "adult" 
tooth  configuration  may  be  reached  at 
about  SL  13  to  14  mm.  A  more  precise 
statement  is  not  possible  since  we  have  no 
wild-caught  adults.  We  cannot  describe 
the  "adult"  configuration  with  certainty 
but  only  estimate  it  from  the  samples  at 
hand. 
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Figure  25.     Paracheirodon  simulans.  collected  from  near  Puerto  Correno, 
216973,  female  above,  SL  20.1  mm,  male  below,  SL  17.6  mm. 


Colombia,  either  in  Venezuela  or  Colombia,  USNM 


There  is  usually  a  single,  conical,  outer 
row  premaxillary  tooth  but  occasionally  a 
second  tooth  also  is  present.  Again,  our 
limited  sample  prevents  a  definitive  state- 
ment about  tooth  numbers,  but  the  num- 
ber of  outer  row  teeth  apparently  is  not 
correlated  with  body  size  longer  than 
about  11  mm  SL  since  two  teeth  are  pres- 
ent in  specimens  SL  11.5  and  13.5  mm 
(USNM  216911)  and  a  single  tooth  is  pres- 
ent in  other  wild-caught  specimens.  Tooth 
replacement  patterns  confirm  that  the 
outer  tooth  row  in  P.  simulans  is  a  "true" 
second  row.  In  Figure  19A  replacement 
trenches  (see  Roberts,  1967)  are  clearly 
visible  posterior  to  the  two  outer  row  teeth 
and  small  replacement  teeth  are  present 
in  the  trenches.  Figure  19F  is  a  diagram- 
matic representation  from  the  anterior  as- 
pect of  the  same  premaxilla  illustrated  in 
Figure  19A;  in  it  the  conical  outer  row 
replacement  teeth  are  visible  dorsal  to  the 
functional  conical  teeth.  Note  in  both  fig- 


ures that  the  developing  multicuspid  re- 
placement teeth  (embedded  in  fleshy  tis- 
sue) for  the  inner  tooth  row  lie 
posterodorsal  to  the  functional  teeth.  Max- 
illary teeth  are  not  present  in  examined 
specimens,  with  the  exception  of  one  con- 
ical tooth  on  one  side  of  a  single  specimen 
(14.4  mm  SL)  from  USNM  216915. 

A  single  row  of  six  to  nine  teeth  is  pres- 
ent on  the  dentary,  the  medial  four  teeth 
being  larger  (Fig.  19F).  Specimens  from 
USNM  216911,  discussed  above,  have  the 
following  tooth  formula  (from  the  sym- 
physis laterally):  (tooth  1)  seven  to  nine, 
usually  seven  cusps;  (tooth  2)  six  to  seven, 
usually  seven  cusps;  (tooth  3)  five  to  seven 
cusps,  usually  seven  cusps;  (tooth  4)  three 
to  seven,  usually  three  or  five  cusps;  (tooth 
5)  one  to  three,  usually  one  cusp;  remain- 
der conical.  In  our  small  sample  of  juve- 
nile fish  we  found  no  apparent  correlation 
between  the  cusp  number  and  the  SL. 

Color  Pattern.  In  life,  P.  simulans  (Fig. 
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1)  back  olive  brown  with  reticulate  dark 
chromatophore  pattern  as  described  for 
color  in  alcohol,  below.  Intense  iridescent 
blue-green  lateral  stripe  extends  from  skin 
over  infraorbital  bones,  over  cornea  of  eye 
(evenly  distributed  over  cornea),  over 
cheeks  and  opercle,  along  sides  of  body, 
and  ends  at  caudal-fin  base.  Blue  lateral 
stripe  broadest  at  vertical  from  pelvic-fin 
insertion  or  from  just  anterior  to  pelvic- 
fin  insertion.  Dense  stripe  of  black  chro- 
matophores  visible  dorsal  to  blue-green 
stripe,  broadest  in  region  between  opercle 
and  posterior  termination  of  dorsal-fin 
base.  Poorly  defined  stripe  of  scattered 
dark  chromatophores  present  ventral  to 
blue  lateral  stripe.  Numerous  erythro- 
phores  scattered  along  myosepta  between 
lateral  blue  stripe  and  anal-fin  base,  and 
scattered  anteriorly  as  far  as  a  point  mid- 
way between  opercle  and  pelvic-fin  base 
in  some  specimens.  In  most  specimens, 
erythrophores  extend  only  slightly  ante- 
rior to  a  vertical  from  pelvic-fin  insertion. 
When  erythrophores  expanded,  entire  area 
between  lateral  blue  stripe  and  anal-fin 
base  red;  when  erythrophores  contracted, 
area  between  blue  stripe  and  anal-fin  base 
light  reddish  brown.  Belly  silvery  white, 
reflecting  light  blue  ventrally  under  some 
light  conditions.  Fins  hyaline  except  for 
very  pale  white  area  in  some  specimens 
along  anterior  three  fin  rays  of  dorsal  fin; 
in  anterior  region  of  anal  fin,  extending  to 
posterior  border  of  anterior  branched  fin 
ray;  and  in  center  of  adipose  fin. 

Compared  to  P.  innesi  and  P.  axelrodi, 
P.  simulans  with  more  green  in  lateral 
stripe  and  red  sides  less  brilliant  (some- 
times virtually  lacking  in  disturbed  indi- 
viduals). Iridescent  green  covers  more  of 
head,  i.e.,  more  of  eye,  infraorbitals, 
cheeks,  and  opercle.  Blue-green  lateral 
stripe  broader  in  proportion  to  that  of  those 
species. 

In  alcohol,  P.  simulans  (Fig.  25)  with 
ground  color  light  cream  brown.  Scale 
pocket  margins  of  dorsum  and  two  to  three 
ventrally  successive  lateral  scale  rows  lined 
with  dark  brown  chromatophores,  giving 


a  reticulate  pattern.  Small  brown  chro- 
matophores may  be  scattered  within  scale 
pocket  areas  defined  by  marginal  dark 
chromatophores.  Midlateral  stripe  extends 
from  just  posterior  to  eye  to  dorsal  half  of 
caudal-fin  base.  Large  dark  chromato- 
phores on  infraorbital  1  probably  an  an- 
terior extension  of  lateral  stripe.  Dorsal 
border  of  lateral  stripe  lies  about  two  and 
a  half  scale  rows  ventral  to  dorsal-fin  ori- 
gin; maximum  width  of  lateral  stripe 
about  three  scales.  Belly  sometimes  with 
a  few  scattered  dark  chromatophores. 
Peritoneum  with  numerous  dark  chro- 
matophores, more  obvious  in  smaller 
specimens.  Numerous  small  dark  chro- 
matophores over  tips  of  jaws  and  dorsum 
of  head,  these  extending  as  thin  line  to 
caudal-fin  base,  marking  dorsal  midline. 
Dark  chromatophores  sparsely  distributed 
over  infraorbitals  and  opercle.  Numerous 
small  dark  chromatophores  present  along 
ventral  border  of  orbit.  Small  dark  chro- 
matophores lie  along  anal-fin  base  and 
along  line  marking  conjunction  of  anal-fin 
musculature  and  hypaxial  body  muscula- 
ture; these  lines  converge  at  posterior  ter- 
mination of  anal-fin  base  and  continue  as 
a  well-defined  dark  line  along  ventral  edge 
of  caudal  peduncle.  Small  dark  chromato- 
phores line  fin-ray  borders  of  all  fins;  in- 
terradial  membranes  without  dark  chro- 
matophores. Adipose  fin  without 
chromatophores  or  with  very  few  small 
dark  chromatophores. 


Paracheirodon  axelrodi  (Schultz) 
Figures  2,  4,  5,  7,  20,  24A,  26; 
Tables  2,  4  to  7 

Cheirodon  axelrodi  Schultz,  1956:  42,  original  de- 
scription, Brazil  "somewhere  near  Porto  Velho, 
Amazonas"  (see  discussion.  Appendix  2). — Axel- 
rod,  1956:  16,  type  locality. — International  Com- 
mission of  Zoological  Nomenclature  1957:  87, 
priority  of  Cheirodon  axelrodi  in  favor  of  Hy- 
phessobrycon  cardinalis. — Gery,  1960b:  8,  rela- 
tionships.— Gery,  1963:  71,  relationships. — Post, 
1965:  47,  chromosome  numbers. — Scheel  and 
Christensen,  1970:  24,  relationships  based  on  chro- 
mosomes.— Scheel,  1972:  60,  relationships  based  on 
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chromosomes. — Gery,  1977:  546,  563,  relation- 
ships.— Kullander,  1978:  274,  comments  on  distri- 
bution. 
Hyphessobrycon  cardinalis  Myers  and  Weitzman, 
1956:  1,  original  description,  Brazil,  "Rio  Negro, 
Amazonas"  (see  discussion.  Appendix  2). — Mein- 
ken,  1956:  89,  type  locality.— Ladiges,  1956:  116, 
discovery. — Hoedeman,  1956:  154,  type  locality, 
name  priorit\  and  relationships. — Weitzman,  1956: 
257,  type  locality. 

Specimens  Examined.  Holotvpe,  USNM  164483, 
SL  22.4  mm;  1,  paratype,  USNM  164484,  SL  20.0 
mm,  Brazil,  Amazonas,  stream  near  Tomar  (=Tho- 
mar)  (0°25'S,  63°55'W),  Rio  Negro,  1956,  collected 
for  Paramount  Aquarium  Inc.  [Note:  original  locality 
listed  by  Schultz  (1956)  as  "near  Porto  Velho,  Bra- 
zil," (State  of  Rondonia,  Brazil)  discussed  in  Appen- 
dix 2.]  Holotype,  Hyphessobrycon  cardinalis  (=P. 
axelrodi),  CAS(SU)  48710,  SL  22.5  mm,  8  paratypes, 
CAS(SU)  48711,  and  2  alizarin  preparations  CAS(SU) 
48712,  SL  19.5-21.5  mm,  Brazil,  Amazonas,  Rio  Ne- 
gro near  Tomar  (0°25'S,  63°55'W),  "winter  of  1955- 
1956,"  for  Paramount  Aquarium  Inc.  [Note:  original 
type  locality  given  as  "Rio  Negro,  Amazonas,  Bra- 
zil;" more  precise  locality  data  above  originally  with- 
held from  publication  at  request  of  Paramount 
Aquarium  Inc.].  — 10,  USNM  216901,  SL  10.5-24.5 
mm,  Brazil,  Amazonas,  Rio  Negro,  an  igarape  of  var- 
zea  at  Tapurucuara  (1°30'N,  65°2'W),  19  October 
1972,  Paulo  Vanzolini  for  EPA. — Following  lots  with 
same  localitv  data  as  USNM  216901  immediately 
preceding:  15,  MZUSP;  5,  ANSP  138018,  SL  12.3- 
24.1  mm— 6,  USNM  216900,  SL  14.7-24.4  mm, 
Brazil,  Amazonas,  Rio  Negro,  Sao  Joao  near  Tapu- 
rucuara (1°30'N,  65°2'W),  24  October  1972,  Paulo 
Vanzolini  for  EPA. — Following  lots  with  same  local- 
ity data  as  USNM  216900  preceding:  6,  MCZ  52460, 
SL  11.4-22.3  mm;  13.  MZUSP;  5,  MZUSP;  5,  USNM 
216905,  SL  22.5-25.0  mm;  30,  MZUSP;  10,  USNM 
216902,  SL  12.0-22.8  mm;  8,  MCZ  52461,  SL  11.5- 
20.0  mm;  17,  MZUSP;  7,  USNM  216899,  SL  12.2- 
20.5  mm;  7,  CAS  39167,  SL  11.8-20.5  mm;  8,  MZUSP; 
7,  USNM  216908,  SL  12.3-24.4  mm;  24,  MZUSP;  9, 
USNM  216898,  SL  10.4-22.6  mm;  6,  BMNH 
1977.4.20.11-16,  SL  11.2-24.0  mm;  5,  ZMA  115.065, 
SL  13.7-21.0  mm.— 7,  USNM  216907,  SL  12.5-24.5 
mm,  Brazil,  Amazonas,  Rio  Negro,  Sao  Joao  near 
Tapurucuara  (1°30'N,  65°2'W),  27  October  1972, 
Paulo  Vanzolini  for  EPA. — With  same  data  as  USNM 
216907  immediately  preceding:  6,  MZUSP;  6,  USNM 
216909,  SL  13.1-24.5  mm.  — 17  alizarin  prepara- 
tions, USNM  216740,  SL  13.6-24.2  and  10,  USNM 
216739,  SL  20.2-24.8  mm,  Brazil,  Amazonas,  "trib- 
utaries of  upper  Rio  Negro,"  September-October 
1975,  from  (Cardinal  Aquarium,  Manaus,  Brazil 
through  Ross  Socolof  — 4,  NRM  THO/ 1977228.4088, 
SL  20.8-23.1  mm,  (Colombia,  Guainia,  Caiio  Bacon, 
pueblo  Bretonia,  about  3°39'N,  68°05'W,  June  2-6, 
1972,  T.  Hongslo.— 11,  NRM  THO/ 197207.3049,  SL 
19.7-26.7,  same  locality  data  as  preceding  but  col- 


lected May  27,  1972  by  Hongslo —7,  NRM  THO/ 
1972230.3035,  SL  14.5-16.7,  Colombia,  Guainia, 
Cano  Bacon,  Puerto  Narino,  about  3°36'N,  68°15'W, 
June  6,  1972,  T.  Hongslo.  — 1,  NRM  THO/ 
1972106.3133,  SL  13.8  mm,  Colombia,  Vichada,  Rio 
Guarrojo,  near  its  mouth,  about  4°07'N,  70°45'W, 
March  11,  1972,  T.  Hongslo.— 1,  NRM  THO/ 
1972103.4155,  SL  13.4  mm,  same  locality  data  as 
preceding  but  collected  March  8,  1972. — 2,  NRM 
THO/1972103.3060,  SL  11.8-12.5  mm,  same  data 
as  preceding.— 34,  USNM  216903,  SL  10.1-23.7  mm 
and  4  alizarin  preparations,  USNM  216916,  SL  10.1- 

15.2  mm,  Colombia,  Vichada,  Cafio  Muco  (4°16'N, 
70°20'W),  2  April  1974,  J.  E.  Thomerson  and  par- 
ty.— Following  lots  with  same  locality  data  as  I'SNM 
216903  immediately  preceding:  15  alizarin  prepa- 
rations, MCZ  52459.  SL  10.1-13.9  mm;  10,  ANSP 
138017,  SL  10.9-13.2  mm;  10,  BMNH  1977.4.20.1- 
10,  SL  11.5-13.0  mm;  10,  CAS  39147,  SL  10.8-12.0 
mm —7,  USNM  231737,  SL  11.3-23.4  mm,  Colom- 
bia, Vaupes,  Rio  Vaupes  at  Mitu  (1°7'N,  70°4'W), 
November  1964,  H.  R.  Axelrod.— 5,  USNM  216756, 
SL  12.1-13.6  mm  and  5,  MBUCV-V  6095,  Venezue- 
la, Amazonas,  small  cano  tributary  to  Rio  Casiquiare 
near  Beripomoni  (2°4'N,  66°9'W),  28  January  1969, 
Antonio  Machado  and  Jose  Mosco. — 6,  USNM  216759, 
SL  22.2-27.5  mm,  Venezuela,  Amazonas,  Cafio  Mor- 
ocoto,  Rio  Orinoco  drainage,  vicinity  of  San  Fernan- 
do de  Atabapo  (4°4'N,  67°42'W),  13  February  1974, 
A.  Cortez. — Following  lots  \\ith  same  locality  data 
as  USNM  216759  immediately  preceding:  6, 
MBUCV-V  9640,  SL  23.4-27.1  mm;  4,  ANSP  137965, 
SL  23.0-26.6  mm;  4,  BMNH  1977.3. 1 1. 1-4,  SL  22.2- 

28.3  mm;  5,  MCZ  52341,  SL  23.2-28.8  mm;  7,  USNM 
216760,  SL  13.2-19.1  mm;  9,  ANSP  137963,  SL  13.2- 
16.5  mm;  9,  MCZ  52340,  SL  13.0-16.8  mm —3, 
USNM  216897,  SL  13.5-14.7  mm,  Venezuela,  Ama- 
zonas, cafio  near  Sipapo  (2°6'N,  66°28'W),  left  bank 
of  Rio  Casiquiare,  1  February  1969,  Antonio  Macha- 
do and  Jose  Mosco. — Following  lots  with  same  local- 
ity data  as  USNM  216897  immediately  preceding: 
3,  MBUCV-V  6980,  SL  13.4-16.5  mm;  3,  ANSP 
138019,  SL  13.8-15.8  mm;  4  alizarin  preparations, 
USNM  216914,  SL  14.4-15.4  mm.— 10,  USNM 
216754,  SL  10.3-12.0  mm  and  10,  MBUCV-V  8017, 
\'enezuela,  Amazonas,  Cafio  Caranaven,  tributary  to 
Rio  Orinoco  near  San  Fernando  de  Atabapo  (4°4'N, 
67°42'W),  4  December  1973,  A.  Cortez  and  R.  Na- 
varro.—2,  USNM  216755,  SL  13.9-14.3  mm,  Vene- 
zuela, Amazonas,  Cano  Pamoni  (2°50'N,  65°54'W), 
28  Janaurv  1969,  Francisco  Mago-Leccia,  Antonio 
Machado,  Jose  Mosco— 121,  USNM  236841,  SL  11.0- 
25.9  mm,  Brazil,  Amazonas,  tributary  to  Igarape 
Taruma  Agu,  about  20  km  north  of  Manaus  on  road 
between  Manaus  and  Itacoatiara  (Serpa)  (2°55'S, 
60°00'W),  18  November  1979,  Michael  Goulding, 
Marilyn  Weitzman,  Stanley  H.  Weitzman  (this  lo- 
cality is  an  introduction). — 21  alizarin  preparations, 
USNM  216910,  SL  12.8-33.1  mm,  locality  unknown, 
aquarium  specimens —II,  USNM  216904,  SL  21.9- 

31.4  nun,  locality  unknown,  aquarium  specimens. 
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Figure  26.     Paracheirodon  axelrodi,  Brazil,  Amazonas,  Rio  Negro  at  Sao  Joao  near  Tapurucuara,  USNM  216905,  female 
above,  SL  24,6  mm,  male  below,  SL  22.5  mm. 


Paracheirodon  axelrodi  occurs  in  the  upper  Rio 
Negro  region  from  the  region  of  Tapurucuara  west 
to  at  least  the  lower  regions  of  the  Rio  Vaupes  in 
Colombia  (=Rio  Uaupes  in  Brazil),  the  Rio  I^ana, 
the  Rio  Guainia  northward  up  the  Rio  Casiquiare  in 
Venezuela  and  the  headwater  area  of  the  Rio  Ori- 
noco. It  very  probably  occurs  in  the  adjacent  regions 
of  the  Rio  Sipapo  and  the  Rio  Atabapo  of  Venezuela, 
and  the  Rio  Inirida,  Rio  Guaviare,  Rio  Vichada,  and 
Rio  Meta  of  Colombia.  This  species  has  escaped  and 
is  reproducing  in  at  least  one  stream,  a  tributary  of 
the  Igarape  Taruma  A^u,  about  20  km  north  of  Ma- 
naus.  See  Appendi.x  2  for  discussion  of  the  type  lo- 
cality. 


Description.  See  Table  2  for  morpho- 
metries and  meristics  of  individual  popu- 
lation samples.  Morphometries  given  be- 
low are  total  ranges  for  all  samples 
including  some  not  in  Table  2.  Aquarium 
specimens  are  excluded. 

Body  moderately  elongate,  not  com- 
pressed. Greatest  body  depth  at  or  slightly 
anterior  to  dorsal-fin  origin.  Predorsal 
body  profile  moderately  convex  to  area 
dorsal   to  eye.    Body   profile   concave   at 


nape.  Body  profile  somewhat  elevated  at 
dorsal-fin  origin;  slightly  convex  or  nearly 
straight  along  dorsal-fin  base;  slighdy  con- 
vex between  dorsal-fin  base  and  adipose- 
fin  origin.  Caudal  peduncle  concave  in 
both  dorsal  and  ventral  profiles.  Dorsal  fin 
midway  between  caudal-fin  base  and  snout 
tip  or  slightly  nearer  snout  tip.  Ventral 
body  profile  slightly  convex  from  anterior 
tip  of  lower  jaw  to  posterior  anal-fin  ter- 
mination. In  specimens  which  appear 
starved,  Figure  29,  belly  profile  may  be 
nearly  straight. 

Head  and  snout  relatively  short,  snout 
blunt.  Mouth  nearly  terminal  with  lower 
jaw  slightly  included  when  mouth  fully 
closed.  Gape  angled  somewhat  anterodor- 
sally  from  mandibular  joint  to  snout  tip. 
When  mouth  closed,  maxilla  extends  pos- 
teriorly to  a  point  approximately  on  a  ver- 
tical line  drawn  ventrally  from  anterior 
border  of  pupil. 

Dorsal-fin  rays  ii-8  to  ii-9,  usually  ii-9, 
n  =  91;  adipose  fin  present;  anal-fin  rays 
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iii-14  to  iii-19,  usually  iii-16  or  iii-17,  n  =  five  cusps  in  specimens  larger  than  18  mm 

91;  pectoral-fin  rays  i-10  to  i-11,  usually  SL. 

i-11,  n  =  91;  pelvic-fin  rays  i-7,  n  =  91;  and  Dentary  teeth  lie  in  a  single  row,  num- 

caudal-fin  rays  10/9,  n  =  91.  Bony  pelvic-  Bering  5  to  11,  usually  7  or  8.  The  antero- 

fin  hooks  present  in  mature  male  speci-  medial  three  or  four  teeth  are  largest,  with 

mens  equal  to  or  longer  than  17.3  mm  SL;  three  to  seven,  usually  five,  cusps;  laterally 

some  immature  males  between  17.0  and  successive  teeth  are  smaller,  with  concom- 

19.5  mm  SL  without  hooks,  all  males  long-  mitant    decrease    in    cusp   number    (Fig. 

er  than  19.5  mm  SL  mature  and  with  pel-  20E,F).  In  specimens  available  to  us,  there 

vic-fin  hooks.  is  a  slightly  smaller  total  cusp  number  per 

Scales  cycloid.  Lateral  line  incomplete;  dentary  tooth  in  specimens  less  than  about 

perforated  lateral-line  scales  5  to  8,  usu-  14  mm  SL  than  in  larger  specimens,  in- 

ally  6  or  7,  n  =  35;  scales  in  a  lateral  series  dicating  ontogenetic  replacement  by  teeth 

30  to  33,  usually  31,  n  =  31;  scale  rows  with  a  greater  number  of  cusps.  We  found 

between  anterior  dorsal-fin  base  and  pel-  no  apparent  correlation  of  dentary  tooth 

vic-fin  base  9,  n  =  55;  predorsal  scales  9  to  number  and  SL. 

11,   usually    10,   n  =  41;   horizontal   scale  Color  Pattern.  In  life  P.  axelrodi  (Fig. 

rows  around  caudal  peduncle  12,  n  =  36.  2)  back  dark  olive  brown  with  reticulate 

Dorsal-limb  gill  rakers  6  to  8,  usually  7,  dark  chromatophore  pattern,  as  described 

n  =  67;  ventral-limb  gill  rakers  11  to  14,  under  color  in  alcohol,  below.  Intense  ir- 

usually  12  or  13,  n  =  67.  idescent  blue  to  blue-green  lateral  stripe 

Total   number  of   vertebrae   including  extends  from  skin  over  anterior  infraor- 

Weberian  apparatus  and  terminal  com-  bital  bones,  over  cornea  of  eye  (usually 

pound  centrum  31  to  33,  usually  32,  n  =  concentrated    dorsally),    sparsely    over 

77.  cheeks,  over  opercle,  and  posteriorly  to  just 

Dental  Morphology.  A  single  row  of  five  ventral  to  posterior  border  of  adipose  fin. 

premaxillary  teeth,  each  with  five  cusps,  Blue  lateral  stripe  broadest  just  anterior  to 

is  present  in  adults  (Fig.  20A,B).  Speci-  a  vertical  from  dorsal-fin  origin.   Dense 

mens  of  about  10  mm  SL  have  five  to  six  stripe    of    black    chromatophores    visible 

tricuspid  teeth  (Fig.  20C).  During  ontog-  dorsal  to  blue  stripe,  broadest  in  area  be- 

eny  replacement  teeth  usually  have  four  tween  opercle  and  dorsal-fin  origin.  Broad 

or  five  cusps  (Fig.  20D),  with  the  adult  stripe  of  loosely  scattered  dark  chromato- 

configuration  of  cusps  reached  at  about  18  phores    present    ventral    to    blue    lateral 

mm  SL.  Specimens  smaller  than  this  size  stripe,  but  usually  not  visible  because  of 

have  five  to  six  premaxillary  teeth;  speci-  red    pigment.    Numerous    erythrophores 

mens  larger  consistently  have  five  teeth,  over  sides  of  body  ventral  to  blue  stripe. 

Cusp  number  is  not  increased   with  in-  extending   ventrally   approximately   to   a 

creased  SL  in  available  specimens  caught  line  between  pectoral-fin  origin  and  anus 

in  the  wild.  A  single  maxillary  tooth  with  anteriorly  and  to  anal-fin  base  and  ventral 

five  cusps  usually  is  present  in  adult  P.  border   of    caudal    peduncle    posteriorly. 

axelrodi  (Fig.  20B).  Ontogenetic  replace-  Numerous  erythrophores  also  present  an- 

ment  of  teeth  with  fewer  cusps  by  teeth  teriorly  over  ventral  portion  of  opercle  and 

with  more  cusps  occurs  as  with  the  pre-  posteriorly  over  dorsum  of  caudal  pedun- 

maxillary  teeth  (compare  Fig.  20B,D).  Ju-  cle,  scales  at  caudal-fin  base,  and  dorsally 

veniles  of  about  10  mm  SL  lack  maxillary  to  ventral  border  of  blue  lateral  stripe.  In 

teeth  (Fig.  20C).  Our  small  sample  of  wild-  disturbed  individuals  with  erythrophores 

caught  juveniles  shows  teeth  with  one  to  contracted,   very    narrow   stripe   of    pale 

three  cusps  in  fishes  11  to  15  mm  SL,  four  brown  present  between  blue  lateral  stripe 

to  five  cusps  in  fishes  16  to  18  mm  SL,  and  and  red  area.  Erythrophores  immediately 
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dorsal  to  anal-fin  base  slightly  less  dense 
than  in  rest  of  red  stripe;  this  area  defined 
dorsally  by  narrow  stripe  of  dark  chro- 
niatophores  extending  to  ventral  border  of 
eaudal-fin  base.  Belly  silvery  white  ven- 
tral to  erythrophore  area,  reflecting  blue 
under  some  light  conditions.  Fins  hyaline 
e.xcept  for  faint  white  area  along  anterior 
anal-fin  rays;  indistinct  whitish  area  along 
anterior  border  of  dorsal  fin  and  white  area 
on  adipose  fin  in  some  specimens. 

Compared  to  P.  sinuilans,  P.  axelrodi 
has  a  bluer  stripe  which  posteriorly  ter- 
minates ventral  to  the  adipose  fin,  less  blue 
on  eye,  and  more  intense  red  pigmenta- 
tion over  a  wider  area  of  the  body.  See 
also  the  live  color  description  of  P.  siniu- 
lans. 

Compared  to  P.  innesi,  P.  axelrodi  has 
a  slightly  wider  and  longer  blue  stripe, 
much  more  widely  distributed  red  pig- 
ment, and  less  distinct  white  markings  on 
the  anal  fin.  See  also  the  live  color  descrip- 
tion of  P.  innesi. 

In  alcohol  P.  axelrodi  (Fig.  26)  with 
ground  color  light  cream  brown.  Scale 
pocket  margins  of  dorsum  and  two  ven- 
trally  successive  lateral  scale  rows  lined 
with  light  brown  chromatophores,  giving 
a  reticulate  pattern.  Small  brown  chro- 
matophores may  lie  scattered  within  scale 
pocket  areas  defined  by  marginal  chro- 
matophores. Midlateral  stripe  consists  of 
two  kinds  of  chromatophores:  dense  dark- 
brown  chromatophores  extend  from  just 
posterior  to  eye  (where  they  extend  onto 
dorsum  of  head,  see  below)  to  just  ventral 
to  adipose  fin,  lying  along  myosepta  in  that 
area;  lighter  brown,  less  dense  and  less  nu- 
merous chromatophores  lie  just  ventral  to 
darker  ones,  extending  from  just  posterior 
to  opercle  to  caudal-fin  base  and  slightly 
onto  upper  and  lower  caudal-fin  lobes. 
Dorsal  border  of  lateral  stripe  lies  about 
two  to  two  and  a  half  scale  rows  ventral 
to  dorsal-fin  origin;  maximum  width  of 
lateral  stripe  about  two  to  two  and  a  half 
scales.  Small  brown  chromatophores  may 
occur  sparingly  over  belly  and  flanks  dor- 


sal CO  anal  fin.  Small  dark  chromatophores 
lie  along  anal-fin  base  and  along  a  line 
marking  conjunction  of  anal-fin  muscula- 
ture and  hypaxial  body  musculature.  Dark 
brown  chromatophores  cover  head  dor- 
sally,  extending  anteriorly  over  tips  of  up- 
per and  lower  jaws  and  posteriorly  onto 
dorsum  of  body  to  caudal-fin  base  as  thin 
line  marking  dorsal  midline.  Large  dark 
chromatophores  in  area  of  infraorbital 
probably  represent  anterior  extension  of 
lateral  stripe.  Dark  chromatophores  dis- 
tributed sparingly  over  infraorbital  and 
preopercular  area.  A  few  dark  chromato- 
phores form  a  very  thin  margin  on  ventral 
border  of  orbit.  Small  chromatophores  line 
fin-ray  borders  of  all  fins;  interradial 
membranes  without  chromatophores. 
Adipose  fin  with  small  dark  chromato- 
phores, concentrated  about  at  center  of 
fin. 

Specimens  from  MCZ  52241  exhibit 
much  the  same  pigment  patterns  as  those 
in  MCZ  52460,  but  two  kinds  of  chro- 
matophores are  not  evident  in  lateral  dark 
stripe.  Densely  arranged  dark  chromato- 
phores extend  posteriorly  only  to  anterior 
of  adipose-fin  base;  less  numerous,  usually 
smaller  chromatophores  extend  posterior- 
ly to  caudal-fin  base  (becoming  larger  and 
more  numerous  posteriorly).  Dark  chro- 
matophores also  form  a  line  over  anal-fin 
base  to  ventral  portion  of  caudal-fin  base. 
Small  dark  chromatophores  occur  spar- 
ingly over  ventral  border  of  caudal  pe- 
duncle, but  these  not  organized  into  a 
stripe. 

Specimens  from  MCZ  52459  much  less 
pigmented  than  those  described  above.  In 
these,  dark  chromatophores  restricted  al- 
most entirely  to  head  (as  described  above), 
dense  lateral  stripe  (only  one  kind  of  chro- 
matophore  evident)  which  extends  only  to 
vertical  from  anal-fin  origin,  a  few  scale 
margins  of  dorsum,  and  along  fin-ray  bor- 
ders. 

Population  Variation.  For  the  most  part 
our  sample  sizes  are  small  and  not  suitable 
for  studies  of  intraspecific  variation.  How- 
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Figure  27.     Paracheirodon  innesi,  Colombia,  Amazonas,  Rio  Loreto  Yacu,  male,  SL  22.2  mm,  MCZ  52156. 


ever,  some  variation  appears  evident  in 
the  numbers  of  fin  rays,  scales,  and  gill 
rakers.  As  an  example,  using  a  two-tailed 
test  and  square  root  transformations  in 
computing  value  of  t,  we  found  significant 
differences  (F  <  0.01)  in  numbers  of 
branched  pectoral-fin  rays,  branched  anal- 
fin  rays,  predorsal  scale  number,  and  ven- 
tral-limb gill  raker  counts  in  population 
samples  from  Tapurucuara,  Rio  Negro, 
Amazonas,  Brazil  (n  =  48)  and  Morocoto, 
Rio  Orinoco,  Amazonas,  Venezuela  (n  = 
13).  A  study  of  the  significance  of  this  sort 
of  variation  in  P.  axelrodi  in  relation  to 
geographic  distribution  must  await  inten- 
sive collections  of  samples  throughout  its 
range. 

Paracheirodon  innesi  (Myers) 
Figures  3,  8,  21,  22,  23,  24B,  27; 
Tables  3  to  7 

Hyphessobrycon  innesi  Myers,  1936:  97,  original  de- 
scription, Peru,  "near  Iquitos"  (see  discussion.  Ap- 
pendix 2). — Innes,  1936:  135,  introduction  into 
aquarium  trade  and  source  of  type  specimens. — 
Stoye,  1936:  137,  type  locality  based  on  interview 
with  collector  August  Rabaut. — Myers  and  Weitz- 
man,  1956:  2,  relationships. — Hoedeman,  1956:  154, 
relationships. — Gery,  1960b:  9,  relationships. — 
Lueken  and  Foerster,  1969:  174,  chromosome 
study. 

Paracheirodon  innesi  (Myers),  Gery,  1960b:  12,  re- 
lationships, referral  to  new  genus. — Gerv ,  1963: 
70,  relationships.  —  Post,  1965:  65,  chromosome 
numbers. — Scheel  and  Christensen,   1970:  24,  re- 


lationships based  on  chromosomes. — Scheel,  1972: 
60,  relationships  based  on  chromosomes. — Gery, 
1977:  587,  relationships. 
Cheirodon  innesi  (Myers),  Van  Ramshorst,  1981:  142, 
aquarium  description,  referral  of  P.  innesi  to 
Cheirodon. 

Specimens  Examined.  Holotype,  USNM  102109, 
SL  22.2  mm;  Colombia,  Amazonas,  somewhere  up 
the  Rio  Putumayo,  March-April  1936,  August  Ra- 
baut. [Note:  original  type  locality  listed  by  Myers 
(1936)  as  "near  Iquitos"  in  Peru  was  later  discussed 
bv  Stove  (1936)  and  noted  to  be  Rio  Putumayo  in 
Colombia].— 29,  USNM  216699,  SL  13.1-18.5'mm, 
Colombia,  Amazonas,  Rio  Loreto  Yacu,  in  small 
creeks  about  1  km  from  mouth  of  Rio  Loreto  Yacu 
where  it  empties  into  Rio  Maranon  (3°30'S,  70°10'W), 
3  December  1976,  Alfonso  Doaz. — 71  (13  of  these 
alizarin  preparations),  MCZ  52156,  SL  13.4-22.2  mm, 
same  locality  data  as  USNM  216699.— 1,  MCZ  52165, 
SL  18.5  mm,  Colombia,  Amazonas,  small  tributary 
of  Lago  Yahuacaca  (4°5'S,  69°58'Wy  on  Rio  Maranon 
(=Rio  Amazonas),  December  1976,  W.  L.  Fink.  —  1, 
USNM  216865,  SL  19.1  mm,  Colombia,  Amazonas, 
near  Leticia  (4°14'S,  69°55'W),  4  December  1974, 
Donald  Kramer— 1,  MZUSP  13256,  SL  14.3  mm, 
Brazil,  Amazonas,  Lago  Miua  (3°48'S,  62°12"W),  con- 
necting with  Rio  Solimoes  somewhat  west  of  Codajas, 
25  September  1968,  EPA.— 8,  USNM  216710,  SL 
12.6-15.0  mm,  Brazil,  Amazonas,  near  Rio  Tapaua 
where  it  enters  Rio  Purus  (5°45'S,  64°20'W),  Novem- 
ber 1963,  H.  R.  Axelrod,  H.  Schultz,  F.  Terofal.— 
16,  USNM  216912,  SL  12.9-26.5  mm,  aquarium 
specimens,  1974  (alizarin  preparations).  — 10,  L^SNM 
216906,  SL  23.6-25.5  mm,  aquarium  specimens, 
1975—28,  NRM  THO/1971371.3220,  SL  13.3-16.3 
mm,  Brazil,  Amazonas,  Rio  Javari,  Lago  Guariba, 
Cano  de  Guariba,  about  4°12'S,  70°17'W,  September 
13,  1971,  T.  Hongslo. 

The  confirmed  range  of  this  species  is  in  two  dis- 
junct areas.  One  is  the  area  around  Leticia  and  Ta- 
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batiiiga,  in  the  lower  course  of  the  Rio  Pulumayo, 
and  in  small  streams  entering  the  Rio  Solimoes  a  few 
km  downstream  from  Leticia.  The  secotul  area  is 
about  870  straight-line  km  east  of  the  first  region, 
near  Codajas,  and  at  least  400  straight-line  km  up 
the  Rio  Purus,  a  large  river  emptying  into  the  Rio 
Solimoes  about  75  km  east  of  Codajas.  We  doubt  that 
the  actual  distribution  of  P.  innesi  is  disjunct  and  we 
presume  that  P.  innesi  may  have  a  wide  distriljution 
in  western  Brazil  in  tributaries  along  the  Rio  Soli- 
moes, in  southeastern  Colombia  and  in  eastern  Peru 
along  the  lowland  tributaries  of  the  Rio  Napo  and 
the  Rio  Putumayo  which,  as  the  Rio  Iga,  enters  the 
Rio  Solimoes  in  Brazil.  Sven  Kullander,  personal 
communication,  states  that  P.  innesi  is  present  in  the 
area  around  Janaro  Herrrera  (4°55'S,  73°40'W)  on 
the  Rio  Ucayali  of  Peru.  Harald  Schultz  (1962:  43) 
reported  neon  tetras  ".  .  .  from  the  Japura  .  .  .  south- 
ward to  the  region  of  Iquitos.  He  stated  that  neon 
tetras  are  found  in  all  flowing  blackwater  streams  of 
this  region.  Geisler  (1979:  24)  reported  neon  tetras 
from  the  Rio  Curaray,  a  tributary  of  the  Rio  Napo 
in  Peru.  These  last  two  localities  are  not  represented 
by  specimens  in  museums.  In  areas  where  P.  innesi 
occurs  it  is  alwa\s  in  blackwater  or  clearwater  streams 
and  is  never  found  in  whitewater  streams  with  their 
headwaters  in  the  Andes.  This  species  is  often  tem- 
porariK  held  in  aquarium  compounds  in  diverse  areas 
of  South  America.  Its  successful  introduction  into 
some  of  these  areas  with  the  proper  ecological  con- 
ditions may  be  inevitable  and  should  be  carefully 
screened  for  future  zoogeographic  considerations.  See 
Appendix  2  for  discussion  of  the  type  locality. 

Description.  See  Table  3  for  morpho- 
metries and  meristics  of  holotype  and  one 
population  sample.  Morphometries  given 
below  are  total  ranges  for  all  samples  ex- 
amined except  aquarium  specimens. 

Body  moderately  elongate,  not  com- 
pressed. Greatest  body  depth  at  or  slightly 
anterior  to  dorsal-fin  origin.  Predorsal 
body  profile  moderately  convex  to  area 
dorsal  to  eye,  sometimes  concave  at  the 
nape.  Body  profile  slightly  elevated  at 
dorsal-fin  origin;  slightly  convex  along 
dorsal-fin  base;  slightly  convex  between 
dorsal-fin  base  and  adipose-fin  origin. 
Caudal  peduncle  profile  somewhat  con- 
cave in  both  dorsal  and  ventral  profiles  or 
ventral  one  nearly  straight.  Dorsal  fin 
midway  between  caudal-fin  base  and 
snout  tip  or  nearer  snout  tip  than  caudal- 
fin  base.  Ventral  body  profile  convex  from 
anterior  tip  of  lower  jaw  to  posterior  anal- 
fin  termination.  Often  nearly  straight  be- 


tween posterior  tip  of  lower  jaw  and  anus 
in  wild-caught  specimens  (Fig.  27). 

Head  and  snout  relatively  short  with  a 
blunt,  rounded  snout.  Mouth  terminal. 
Gape  angled  somewhat  anterodorsally 
from  mandibular  joint  to  snout  tip.  Max- 
illa extends  posteriorly  to  a  point  approx- 
imately on  a  vertical  line  drawn  ventrally 
from  anterior  border  of  pupil. 

Dorsal-fin  rays  ii-8  to  ii-9,  usually  ii-9, 
n  =  22;  adipose  fin  present;  anal-fin  rays 
iii-16  to  iii-  or  iv-19,  usually  iii-16  or  iii- 
17,  n  =  22;  pectoral-fin  rays  i-11  to  i-13, 
usually  i-12,  n  =  22;  pelvic-fin  rays  i-6  to 
i-7,  usually  i-7,  n  =  22;  caudal-fin  rays  10/ 
9,  n  =  22.  Bony  pelvic-fin  hooks  absent  in 
all  specimens. 

Scales  cycloid.  Lateral  line  incomplete; 
perforated  lateral-line  scales  3  to  6,  usu- 
ally 5,  n  =  22;  scales  in  a  lateral  series  30 
to  33,  usually  31,  n  =  21;  scale  rows  be- 
tween anterior  dorsal-fin  base  and  ante- 
rior pelvic-fin  base  9,  n  =  21;  predorsal 
scales  9  to  11,  usually  10,  n  =  21;  horizon- 
tal scale  rows  around  caudal  peduncle  12, 
21. 


n 


Dorsal-limb  gill  rakers  5  to  6,  either  5 
or  6,  n  =  21;  ventral-limb  gill  rakers  10  to 
11,  usually  11,  n  =  21. 

Total  number  of  vertebrae  including 
Weberian  apparatus  and  terminal  com- 
pound centrum  32  to  34,  usually  33,  n  = 
30. 

Dental  Morphology.  There  is  greater 
variation  in  tooth  placement  in  P.  innesi 
(Figs.  21-23)  than  in  P.  simulans  or  P. 
axelrodi.  Gery  (1960b:  9),  noted  the  usual 
condition  in  wild-caught  specimens  as  a 
slightly  irregular  series  of  six  or  seven  tri- 
cuspid teeth  (we  find  a  rare  count  of  eight), 
with  one  or  more  teeth  offset  somewhat 
anteriorly  to  other  teeth  of  the  row  (Fig. 
21A-D).  The  anteriorly-set  teeth  were  in- 
terpreted by  Myers  (1936:  97)  as  a  second 
row  and  by  Gery  (1960b:  9)  as  members 
of  a  "wavy"  single  tooth  row.  To  deter- 
mine whether  either  hypothesis  should  be 
rejected,  we  examined  a  large  series  of 
specimens,  both  wild  caught  and  from  the 
aquarium    trade.     Recently    imported 
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Table  3.     Morphometrics  and  meristics  of  Paracheirodon  innesi.-f 


Hololype 

Brazil, 
Amazonas 

(n=l 
or  0) 

Colombia,  Lago 

Yahuacaca 

n 

Range 

X 

Low 

High 

SD 

Standard  length 

2L4 

14.3 

20 

13.9 

22.2 

16.6 

Greatest  body  depth 

35.0 

28.0 

20 

22.7 

28.8 

26.2 

1.392 

Snout  to  dorsal-fin  origin 

54.2 

53.0 

20 

49.7 

54.7 

52.6 

1.092 

Snout  to  pectoral-fin  origin 

27.1 

31.5 

20 

28.4 

32.5 

30.7 

1.014 

Snout  to  pelvie-fin  origin 

49.5 

51.7 

20 

45.5 

50.0 

47.7 

1.099 

Snout  to  anal-fin  origin 

64.0 

62.2 

20 

56.2 

63. 1 

61.1 

1.581 

Eye  to  dorsal-fin  origin 

37.4 

36.4 

20 

33.0 

37.5 

35.3 

0.960 

Dorsal-fin  origin  to  caudal-fin  base 

52.3 

50.3 

20 

50.3 

53.8 

51.7 

0.929 

Caudal  peduncle  depth 

10.7 

9.8 

20 

8.8 

10.6 

9.8 

0.467 

Caudal  peduncle  length 

16.4 

17.5 

20 

14.8 

18.0 

16.0 

0.784 

Pectoral-fin  length 

17.8 

— 

20 

17.8 

20.3 

19.1 

0.739 

Pelvic-fin  length 

16.8 

— 

20 

15.8 

18.8 

17.3 

0.775 

Dorsal-fin  base  length 

— 

13.3 

20 

12.5 

14.4 

13.5 

0.620 

Longest  dorsal-fin  ray  length 

23.8 

— 

19 

25.5 

30.2 

28.7 

1.074 

Anal-fin  base  length 

23.4 

24.5 

20 

24.1 

26.5 

25.2 

0.666 

Longest  anal-fin  ray  length 

25.7 

— 

19 

22.7 

25.6 

24.7 

0.692 

Bony  head  length 

28.0 

28.7 

20 

27.0 

29.9 

28.6 

0.905 

Horizontal  e\e  diameter 

45.5 

43.9 

20 

40.0 

45.5 

43.1 

1.409 

Snout  length 

18.2 

19.5 

20 

15.9 

20.9 

18.7 

1.174 

Least  bony  interorbital  width 

29.1 

31.7 

20 

26.7 

34.7 

29.1 

1.998 

Upper  jaw  length 

36.4 

31.7 

20 

29.4 

34.9 

31.9 

1.676 

Branched  dorsal-fin  rays 

8 

9 

20 

9 

9 

9 

0.000 

Branched  pectoral-fin  rays 

12 

11 

20 

11 

13 

11.8 

0.550 

Branched  pelvic-fin  rays 

7 

6 

20 

6 

7 

6.9 

0.308 

Branched  anal-fin  rays 

17 

17 

20 

16 

18 

17.5 

0.889 

Horizontal  scale  rows  between  dorsal 

fin  and  pelvic  fin 

9 

— 

20 

9 

9 

9 

0.000 

Predorsal  scales 

10 

— 

20 

9 

11 

10.0 

0.549 

Perforated  lateral-line  scales 

9 

— 

29 

3 

6 

4.6 

0.940 

Lateral  series  scales 

33 

— 

20 

30 

33 

31.3 

0.933 

Horizontal  scale  rows  around  caudal 

peduncle 

12 

— 

20 

12 

12 

12 

0.000 

Dorsal-limb  gill  rakers 

5 

— 

20 

5 

6 

5.5 

0.513 

Ventral-limb  gill  rakers 

11 

— 

20 

10 

11 

11 

0.224 

Vertebrae 

33 

— 

29 

32 

34 

33 

0.267 

tHolotype,  USNM  102109;  Lago  Miua,  Amazonas,  Brazil,  MZUSP  13256;  Lago  Yahuacaca,  Colombia, 
USNM  216699.  Standard  length  is  expressed  in  mm.  The  next  16  measurements  (through  head  length)  are 
percentages  of  standard  length.  The  next  four  measurements  are  percentages  of  bon\  head  length. 


aquarium  specimens  have  tooth-row  pat- 
terns Hke  those  of  wild-preserved  fishes, 
but  some  specimens  kept  in  aquaria  for 
several  months  or  years  develop  tooth  dis- 
tribution irregularities  (discussed  below); 
this  may  be  related  to  the  flake-food  diet 
of  aquarium  specimens,  or  it  may  be  a 
factor  of  age. 

We  find  most  wild-preserved  P.  innesi 
to  have  one  or  two  teeth  offset  slightly 
anterior  to  the  main   tooth   row.   In   our 


sample  of  P.  innesi  from  near  Leticia,  Co- 
lombia (USNM  216699  and  MCZ  52156) 
the  third  tooth  from  the  premaxillary 
symphysis  is  offset  in  about  70  percent  of 
the  specimens  examined,  the  fourth  tooth 
is  offset  in  about  20  percent,  and  the  sec- 
ond and  fifth  teeth  each  are  offset  in  about 
10  percent.  Rarely,  two  teeth  are  offset  on 
the  same  premaxillary  bone.  These  two 
teeth  usually  are  the  second  and  fourth, 
or   third   and   fifth   from   the   symphysis. 
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Body  size  apparently  is  not  correlated  with 
the  number  of  teeth  offset  from  the  main 
row. 

We  find,  with  rare,  notable  exceptions, 
that  the  anteriorly  offset  teeth  lack  devel- 
oped main-row  teeth  posterior  to  them. 
Their  replacement  teeth  are  present  either 
in  series  with  other  replacement  teeth  or 
offset  slightly  anterior  to  the  replacement 
tooth  row  (Figs.  21A,  23B). 

While  in  most  cases  an  anteriorly  offset 
tooth  of  P.  innesi  cannot  be  called  a  "true" 
outer-row  tooth,  we  find  that  some  indi- 
viduals retain  a  degree  of  genetic  lability 
regarding  tooth  rows.  An  example  is  a 
wild-preserved  specimen  13.5  mm  SL 
(from  MCZ  52156)  with  six  teeth  on  each 
premaxilla  (Fig.  22)  and  with  the  third 
tooth  from  the  symphysis  on  each  bone 
offset  slightly  anteriorly  and  conical  rath- 
er than  tricuspid.  While  the  tooth  on  the 
left  side  clearly  has  one  cusp  (Fig.  22),  the 
tooth  on  the  right  side  (not  illustrated)  has 
tiny  lateral  protrusions  which  may  repre- 
sent underdeveloped  cusps.  On  the  left 
premaxilla  of  this  specimen  all  the  tricus- 
pid teeth  have  tricuspid  replacement  teeth 
posterior  to  them;  the  replacement  tooth 
for  the  anterior  conical  tooth  lies  slightly 
anterior  to  the  rest  of  the  replacement 
tooth  row  and  has  a  single,  elongate  cusp. 
On  the  right  premaxilla,  the  tooth  nearest 
the  symphysis  had  just  moved  into  a  func- 
tional position  when  the  fish  was  pre- 
served and  its  base  is  not  fully  developed; 
the  second  tooth  also  has  a  partially-em- 
placed  replacement  tooth.  The  conical 
tooth  has  what  may  be  a  forming  replace- 
ment tooth,  represented  by  a  tiny  miner- 
alized element,  lying  anterodorsal  to  the 
other  parts  of  the  replacement  tooth  row. 
The  fourth  tooth  from  the  symphysis  is  a 
replacement  tooth  almost  in  its  functional 
position,  and  the  fifth  tooth  is  a  partially- 
formed  tricuspid  replacement  tooth. 

Two  aquarium  specimens  examined  also 
are  pertinent  to  this  discussion.  A  P.  in- 
nesi specimen  purchased  as  an  imported 
wild  specimen  and  raised  to  25.7  mm  SL 
shows  a  single  conical  tooth  set  somewhat 


anterior  to  the  other  premaxillary  teeth, 
with  a  tricuspid  tooth  posterior  to  it  (Fig. 
23A,C).  This  conical  tooth  may  be  a  worn 
tricuspid  tooth  about  to  be  replaced  by  a 
newly  formed  tricuspid  tooth,  or  it  may 
be  a  true,  if  somewhat  misshapen,  conical 
tooth  being  replaced.  The  second  speci- 
men, which  lived  for  about  four  years  in 
an  aquarium,  exhibits  extraordinary  tooth 
morphology  (Fig.  23B,D).  The  medial  two 
and  lateral  two  teeth  are  positioned  as 
usual,  but  between  them  there  is  a  series 
of  one  conical  and  five  tricuspid  teeth. 
Perhaps  most  important  to  our  discussion 
is  the  presence  of  a  conical  tooth  set  an- 
teromedial  to  the  two  normally  placed  lat- 
eral teeth.  This  conical  tooth  is  fully 
formed  and  sharply  pointed,  not  a  worn- 
down  tricuspid  tooth  as  may  be  the  case 
in  the  previously  discussed  specimen.  Pos- 
terior to  this  conical  tooth  is  a  replace- 
ment tooth  in  its  own  trench,  situated  an- 
terior to  the  other  replacement  teeth.  This 
condition  is  that  seen  in  P.  simulans  which 
has  a  true  second  tooth  row  (Fig.  21A,B,D). 
While  it  is  doubtful  that  wild  fishes  ever 
reach  the  age  of  this  particular  specimen, 
and  while  abnormal  habitat  and/or  diet 
might  have  been  partially  responsible  for 
the  very  unusual  tooth  arrangement,  this 
specimen  does  demonstrate  that  the  ge- 
netic potential  for  a  second  premaxillary 
tooth  row  remains  in  P.  innesi. 

We  conclude  that  while  in  most  speci- 
mens there  is  a  "wavy"  premaxillary  tooth 
line,  the  potential  remains,  in  some  spec- 
imens, for  a  second  tooth  row  to  develop. 
Teeth  of  the  premaxilla  are  not  replaced 
simultaneously,  but  at  least  one  or  two 
teeth  seem  to  be  replaced  out  of  syn- 
chrony with  others.  The  sample  size  avail- 
able is  insufficient  to  determine  replace- 
ment patterns. 

The  maxillary  teeth  in  P.  innesi  num- 
ber two  to  three,  usually  three,  with  three 
cusps  on  each  tooth  (Figs.  21C,D;  23C,D). 
In  the  old  aquarium-raised  specimen  dis- 
cussed above  (Fig.  23D),  a  single  conical 
tooth  is  present  on  the  maxilla  somewhat 
distal  to  the  tricuspid  teeth.  Other  aquar- 
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ium-raised  specimens  have  one  to  four, 
usually  two,  maxillary  teeth  (n  =  16;  12.9- 
26.5  mm  SL). 

Dentary  teeth  in  P.  innesi  usually  num- 
ber six  to  nine,  with  the  more  medial  teeth 
tricuspid  and  those  lying  more  laterally 
and  posteriorly  are  conical.  We  found  no 
statistically  significant  increase  in  tooth 
cusp  number  with  increased  body  size. 
Figures  21 F  and  23E  are  representative 
of  dentary  tooth  morphology. 

Color  Pattern.  In  life,  P.  innesi  (Fig.  3) 
back  dark  olive  brown  with  reticulate  dark 
chromatophore  pattern  as  described  in 
more  detail  below  under  color  in  alcohol. 
Intense  iridescent  blue-green  lateral  stripe 
extends  from  skin  over  anterior  infraor- 
bital bones,  over  cornea  of  eye  (usually 
concentrated  dorsally),  sparingly  over 
cheeks,  over  opercle,  and  posteriorly  to 
within  one  to  three  scales  anterior  to  adi- 
pose-fin base.  Blue  lateral  stripe  broadest 
in  area  approximately  between  dorsal  and 
pelvic  fins.  Dense  stripe  of  dark  chro- 
matophores  dorsal  to  blue  lateral  stripe, 
broadest  in  area  between  opercle  and  dor- 
sal-fin origin.  Broad  stripe  of  loosely  scat- 
tered dark  chromatophores  ventral  to  blue 
lateral  stripe.  Numerous  erythrophores 
cover  area  extending  to  a  point  about  on 
a  vertical  from  dorsal-fin  origin  anterior- 
ly, posteriorly  over  scales  of  caudal-fin 
base,  dorsally  to  just  ventral  to  blue  lateral 
stripe  (and  with  a  few  erythrophores  to 
dorsum  of  caudal  peduncle  in  some  indi- 
viduals), and  ventrally  to  anal-fin  base. 
Side  in  area  immediately  ventral  to  blue 
lateral  stripe  without  erythrophores;  width 
of  this  apigmented  area  broadest  in  dis- 
turbed individuals,  very  narrow  in  undis- 
turbed fish.  Area  of  fewer  erythrophores 
immediately  dorsal  to  anal-fin  base;  this 
area  defined  dorsally  by  narrow  stripe  of 
dark  chromatophores  extending  to  ventral 
border  of  caudal-fin  base.  Belly  silvery 
white,  reflecting  light  blue  ventrally  un- 
der some  light  conditions.  Fins  hyaline  ex- 
cept for  distinct  white  stripe  along  ante- 
rior anal-fin  rays,  concentrated  between 
posterior    unbranched    ray    and    anterior 


branched  ray;  indistinct  whitish  area  along 
anterior  border  of  dorsal  fin  and  small 
white  area  in  center  of  adipose  fin  in  some 
specimens. 

Compared  to  P.  simtilans,  P.  innesi 
with  a  bluer  lateral  stripe  which  extends 
only  to  adipose  fin,  more  red  on  flanks, 
less  blue  on  eye  and  face,  and  a  much 
more  distinct  white  line  on  anal  fin.  See 
also  color  description  of  P.  simulans. 

Compared  to  P.  axelrodi,  P.  innesi  with 
less  red  on  belly  and  flank  area,  a  some- 
what narrower  blue  lateral  stripe  which 
extends  less  far  posteriorly,  and  a  much 
more  distinct  white  line  on  anal  fin.  See 
also  life  color  description  of  P.  axelrodi. 

In  alcohol,  P.  innesi  (Fig.  27)  with 
ground  color  light  cream  brown.  Scale 
pocket  margins  of  dorsum  and  ventrally 
successive  lateral  scale  rows  lined  with 
dark  brown  chromatophores.  Small  brown 
chromatophores  may  be  scattered  within 
scale  pocket  areas  defined  by  marginal 
chromatophores.  Midlateral  stripe  extends 
posteriorly  from  just  posterior  to  eye  to 
near  adipose-fin  base,  then  either  termi- 
nating or  becoming  abruptly  less  dense 
and  continuing  along  dorsal  half  of  caudal 
peduncle  as  far  as  squamation  of  caudal- 
fin  base.  Dorsal  border  of  lateral  stripe  lies 
about  two  and  a  half  scale  rows  ventral  to 
dorsal-fin  origin;  maximum  width  of  lat- 
eral stripe  about  one  to  two  scales.  Belly 
usually  non-pigmented.  Peritoneum  with 
numerous  dark  chromatophores,  more  ob- 
vious in  smaller  specimens.  Dark  chro- 
matophores lie  along  anal-fin  base  and 
along  line  marking  conjunction  of  anal-fin 
musculature  and  hypaxial  body  muscula- 
ture; these  lines  converge  at  posterior  ter- 
mination of  anal-fin  base.  In  some  speci- 
mens, scale  pocket  margins  along  ventral 
midline  of  caudal  peduncle  with  dark 
chromatophores.  Large  dark  chromato- 
phores on  area  of  infraorbital  1  are  prob- 
ably an  anterior  continuation  of  lateral 
stripe.  Numerous  small  dark  chromato- 
phores over  tips  of  jaws  and  dorsum  of 
head,  these  extending  posteriorly  as  a  dif- 
fuse thin  line  to  caudal-fin  base,  marking 
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Table  4.     Simii. ahities  and  differences  among  dorsal-limb  gill  raker  counts  of  population  sam- 
ples OF  THREE  species  OF  Paracheirodnttf 


Comparison  between: 

P.  sirutilons,  Puerto  Correno 
P.  axclrodi,  Tapurucuara 

P.  simulans,  Puerto  Correno 
P.  axelrodi,  Rio  Morocoto 

P.  simulans,  Puerto  Correfio 
P   axclrodi,  Cano  Muco 

P.  simulans,  Puerto  Correfio 
P.  inncsi,  Lago  Yahuacaca 

P.  innesi,  Lago  Yahuacaca 
P.  axclrodi,  Tapurucuara 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Rio  Morocoto 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Cano  Muco 

P.  axelrodi.  Tapurucuara 
P.  axclrodi,  Cafio  Muco 

P.  axelrodi,  Tapurucuara 
P.  axelrodi,  Rio  Morocoto 

P.  axelrodi,  Cano  Muco 
P.  axelrodi,  Rio  Morocoto 


Range 


SD 


42 

5 

6 

5.9 

0.328 

35 

6 

8 

7.1 

0.404 

42 

5 

6 

5.9 

0.328 

13 

6 

8 

6.9 

0.641 

42 

5 

6 

5.9 

0.328 

18 

6 

7 

6.7 

0.461 

42 

5 

6 

5.9 

0.328 

20 

5 

6 

5.5 

0.513 

20 

5 

6 

5.5 

0.513 

35 

6 

8 

7.1 

0.404 

20 

5 

6 

5.5 

0.513 

13 

6 

8 

6.9 

0.641 

20 

5 

6 

5.5 

0.513 

18 

6 

7 

6.7 

0.461 

35 

6 

8 

7.1 

0.404 

18 

6 

7 

6.7 

0.461 

35 

6 

8 

7.1 

0.404 

13 

6 

8 

6.9 

0.641 

18 

6 

7 

6.7 

0.461 

13 

6 

8 

6.9 

0.641 

14.626 


7.638 


7.742 


3.526 


12.960 


7.015 


7.560 


3.215 


1.272 


0.999 


** 


NS 


NS 


t  Square-root  transformations  were  used  in  computing  the  value  of  t.  Two-tailed  test;  *  indicates  P  <  0.05; 
**  indicates  P  <  0.01;  NS  (not  significant)  indicates  P  >  0.05. 


dorsal  midline.  Small  dark  chromato- 
phores  line  fin-ray  borders;  interradial 
membranes  without  chromatophores. 
Adipose  fin  with  or  without  small  dark 
chromatophores. 

Discussion 

The  most  obvious  differences  among  the 
neon  tetras  are  expressed  in  the  key  to  the 
species.  Tables  4  to  7  express  statistical  dif- 
ferences and  similarities  in  counts  of  the 
dorsal  and  ventral  limb  gill  rakers,  per- 
forated lateral-line  scales,  and  branched 
anal-fin  rays  among  population  samples  of 


ences  in  tooth  patterns,  color  pattern,  and 
orbital  bones  are  described  either  in  the 
key,  the  descriptions  of  the  species,  or  both. 
Paracheirodon  simulans  has  several  mor- 
phometric  characters  which  may  distin- 
guish it  from  the  other  two  species.  These 
are  a  proportionately  shorter  dorsal-fin 
base  length  (probably  a  factor  of  its  fewer 
fin  rays),  a  shorter  longest  fin  ray  in  the 
dorsal  fin,  a  relatively  short  anterior  anal- 
fin  lobe,  a  relatively  longer  upper  jaw, 
shorter  head  length;  also,  the  distance  be- 
tween the  posterior  border  of  the  eye  and 
the  dorsal-fin  origin  is  longer  relative  to 
the  distance  between  the  dorsal-fin  origin 
the  three  neon  tetra  species.  These  tables  and  the  caudal-fin  base.  Among  these  three 
show  highly  significant  count  differences     species  most  of  these  characters  overlap  in 


among  the  species  and  in  some  instances 
between  population  samples  of  P.  axel- 
rodi. Other  counts,  except  those  used  in 
the  key,  were  essentially  the  same.  Differ- 


their  ranges.  Although  our  analyses  of 
these  apparent  differences  have  shown 
some  to  be  significant,  they  are  not  pre- 
sented here  because  our  measurements  of 
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Table  5.     Similarities  and  differences  among  ventral-limb  gill  raker  counts  of  population 

SAMPLES  OF  THREE  SPECIES  OF  Puracheiwdon.f 


Range 


SD 


Comparison  between: 

P.  simiilans,  Puerto  C^orreno 
P.  axelrodi,  Tapurucuara 

P.  simiilans,  Puerto  Correno 
P.  axelrodi,  Rio  Morocoto 

P.  simulans,  Puerto  Correiio 
P.  axelrodi.  Carlo  Muco 

P.  simulans,  Puerto  Correfio 
P.  innesi,  Lago  Yahuacaca 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Tapurucuara 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Rio  Morocoto 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Cfio  Muco 

P.  axelrodi,  Tapurucuara 
P.  axelrodi,  Cano  Muco 

P.  axelrodi,  Tapurucuara 
P.  axelrodi,  Rio  Morocoto 

P.  axelrodi,  Caiio  Muco 
P.  axelrodi,  Rio  Morocoto 


42 

10 

12 

11.2 

0.484 

36 

11 

13 

12.3 

0.535 

42 

10 

12 

11.2 

0.484 

13 

12 

14 

12.8 

0.555 

42 

10 

12 

11.2 

0.484 

18 

12 

14 

12.6 

0.608 

42 

10 

12 

11.2 

0.484 

20 

10 

11 

11.0 

0.224 

20 

10 

11 

11.0 

0.224 

36 

11 

13 

12.3 

0.535 

20 

10 

11 

11.0 

0.224 

13 

12 

14 

12.8 

0.555 

20 

10 

11 

11.0 

0.224 

18 

12 

14 

12.6 

0.608 

36 

11 

13 

12.3 

0.535 

18 

12 

14 

12.6 

0.608 

36 

11 

13 

12.3 

0.535 

13 

12 

14 

12.8 

0.555 

18 

12 

14 

12.6 

0.608 

13 

12 

14 

12.8 

0.555 

9.485 


9.943 


9.234 


2.529 


11.221 


13.893 


11.608 


1.700 


2.914 


1.103 


** 


NS 


t  Square-root  transformations  were  used  in  computing  the  vahie  of  t.  Two-tailed  test;  *  indicates  P  <  0.05; 
^  indicates  P  <  0.01;  NS  (not  significant)  indicates  P  >  0.05. 


P.  simulans  are  based  mostly  on  juveniles  larity.  However,  this  is  probably  a  primi- 

and  on  adults  raised  in  an  aquarium.  Be-  tive  character  for  Paracheirodon,  present 

cause  of   possible  growth  aberrancy   we  in  the  ancestor  of  all  three  neon  tetras. 

only  suggest  that  these  differences  should  The  loss  of  the  bone  in  P.  simulans  may 

be  investigated  in  the  future  with  wild  therefore  represent  an  autapomorphy. 

caught  and  preserved  samples.  Since  autapomorphies  and  plesiomorphies 

The  above  data  and  those  presented  in  are  not  informative  about  relationships,  the 

the  key  indicate  that  P.  axelrodi  and  P.  similarity  of  the  presence  of  the  third  or- 

innesi  share  more  characters  with  each  bital  in  P.  axelrodi  and  P.  innesi  probably 

other  than  either  one  or  the  other  shares  tells  nothing  about  relationships  among  the 

with  P.  simulans.  However,  it  does  not  three  species.  Likewise,  other  characters 

necessarily  follow  that  P.  axelrodi  and  P.  such  as  laterosensory  canal  reduction,  fin 

innesi  are  sister  taxa  because  many  of  the  length,   body    proportions,   fin-ray    num- 

characters  they  share  may  be  primitive,  bers,  and  others  cannot  be  used  because 

We  were  unable  to  establish  the  polarity  we  were  unable  to  evaluate  their  polarity, 

of  many  of  the  traits  since  we  have  no  We  thus  have  been  unable  to  determine 

precise  outgroup  hypothesis.  An  example  confidently   the   relationships  among  the 

is  the  orbital  bones  of  the  neon  tetras  (Fig.  species  of  Paracheirodon. 

28).  The  orbital  series  of  both  P.  axelrodi  There  is  one  character  which  appears 

(Fig.  28A)  and   P.  innesi  (Fig.  28B)  in-  unique  to  P.  axelrodi  and  P.  innesi  within 

eludes  a  large  third  infraorbiral,  a  simi-  the  characiforms.  In  life  these  two  species 
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Table  6.     Simu  aiuties  and  differences  amonc;  perforated  lateral-line  scale  counts  of  popula- 
tion SAMPLES  OF  THREE  SPECIES  OF  Paracheirodon.t 


Range 


SD 


Comparison  between: 

P.  simulans,  Puerto  Correno 
P.  axelrodi,  Tapurucuara 

P.  simulans.  Puerto  Correno 
/'.  (ixclrodi,  Rio  Morocoto 

P.  simulans.  Puerto  Correno 
P.  axelrodi.  Carlo  Muco 

P.  simulans,  Puerto  Correno 
P.  innesi.  Lago  Yahuacaca 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Tapurucuara 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Rio  Morocoto 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Cano  Muco 

P.  axelrodi,  Tapurucuara 
P.  axelrodi,  Cafio  Muco 

P.  axelrodi.  Tapurucuara 
P.  axelrodi,  Rio  Morocoto 

P.  axelrodi,  Cafio  Muco 
P.  axelrodi,  Rio  Morocoto 


20 

0 

5 

2.6 

1.569 

26 

5 

8 

6.5 

0.762 

20 

0 

5 

2.6 

L569 

7 

5 

7 

6.0 

0.577 

20 

0 

5 

2.6 

L569 

1 

6 

6 

6.0 

— 

20 

0 

5 

2.6 

1.569 

20 

3 

6 

4.6 

0.940 

20 

3 

6 

4.6 

0.940 

26 

5 

8 

6.5 

0.762 

20 

3 

6 

4.6 

0.940 

7 

5 

7 

6.0 

0.577 

20 

3 

6 

4.6 

0.940 

1 

6 

6 

6.0 

— 

26 

5 

8 

6.5 

0.762 

1 

6 

6 

6.0 

— 

26 

5 

8 

6.5 

0.762 

7 

5 

7 

6.0 

0.577 

1 

6 

6 

6.0 

— 

7 

5 

7 

6.0 

0.577 

8.717 


4.186 


4.451 


7.333 


3.424 


** 


1.592 


NS 


t  Square-root  transformations  were  used  in  computing  the  value  of  t.  Two-tailed  test;  *  indicates  P  <  0.05; 
**  indicates  P  <  0.01;  NS  (not  significant)  indicates  P  >  0.05. 


have  the  blue  lateral  body  stripe  some-     cheirodon  acquired  this  character  inde- 
what  dorsal  in  position  and  terminating     pendently,  making  it  a  synapomorphy  for 


posteriorly  in  the  vicinity  of  the  adipose 
fin,  rather  than  reaching  the  caudal-fin 
base  as  in  P.  simulans.  In  all  other  char- 
acids  known  to  us  the  body  stripe,  when 


P.  axelrodi  and  P.  innesi.  However,  this 
view  cannot  be  maintained  until  a  more 
precise  outgroup  hypothesis  is  available. 
We  have  been  able  to  find  only  one 


SUMMARY 


present,  continues  to  the  caudal-fin  base,  character  unique  to  P.  axelrodi  and  P.  in- 

This  character  is  unique  to  these  species  nesi,  slender  evidence  that  they  are  sister 

and  therefore  may  represent  a  synapo-  taxa  relative  to  P.  simulans.  We  suggest 

morphy  relating  them.  that  this  problem  should  be  the  subject  of 

Another  character  which  may  represent  future  investigation, 
a  synapomorphy  for  P.  axelrodi  and  P. 
innesi  is  a  short,  or  at  least  blunt,  ascend- 
ing premaxillary  process  (compare  Figs. 
19-23),  as  reported  by  Gery  (1960b:  9,  1)  The  systematics  of  the  American 
footnote).  However,  as  reported  by  Gery  Characidae  are  reviewed,  and  it  is  stated 
and  confirmed  by  us,  several  species  of  that  phylogenetic  analyses  of  the  family 
Cheirodon  also  have  a  short  or  blunt  as-  eventually  will  produce  considerable  al- 
cending  premaxillary  process.  Our  own  teration  in  our  understanding  of  the  in- 
personal  bias  is  that  the  situation  is  con-  terrelationships  of  its  member  taxa  and  of 
vergent  and  that   Cheirodon  and   Para-  their  classification. 
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Table  7.     Similarities  and  differences  among  branched  anal-fin  ray  counts  of  population  sam- 
ples OF  THREE  species  OF  Paracheirodon/\ 


Range 


SD 


Comparison  between: 

P.  simulans,  Puerto  Correno 
P.  axelrodiy  Tapurueuara 

P.  simulans,  Puerto  Correno 
P.  axelrodi,  Rio  Morocoto 

P.  simulans,  Puerto  Correiio 
P.  axelrodi,  Cano  Muco 

P.  simulans,  Puerto  Correno 
P.  innesi,  Lago  Yahuacaca 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Tapurueuara 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Rio  Morocoto 

P.  innesi,  Lago  Yahuacaca 
P.  axelrodi,  Caho  Muco 

P.  axelrodi,  Tapurueuara 
P.  axelrodi,  Cano  Muco 

P.  axelrodi,  Tapurueuara 
P.  axelrodi,  Rio  Morocoto 

P.  axelrodi,  Cano  Muco 
P.  axelrodi,  Rio  Morocoto 


25 

15 

18 

16.0 

0.707 

48 

15 

19 

16.0 

0.841 

25 

15 

18 

16.0 

0  707 

13 

14 

17 

16.0 

0.707 

25 

15 

18 

16.0 

0.707 

18 

15 

17 

16.2 

0.618 

25 

15 

18 

16.0 

0.707 

20 

16 

19 

17.5 

0.889 

20 

16 

19 

17.5 

0.889 

48 

15 

19 

16.6 

0.841 

20 

16 

19 

17.5 

0.889 

13 

14 

17 

16.0 

0.707 

20 

16 

19 

17.5 

0.889 

18 

15 

17 

16.2 

0.618 

48 

15 

19 

16.6 

0.841 

18 

15 

17 

16.2 

0.618 

48 

15 

19 

16.6 

0.841 

13 

14 

17 

16.0 

0.707 

18 

15 

17 

16.2 
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t  Square-root  transformations  were  used  in  computing  the  value  of  t.  Two-tailed  test;  *  indicates  P  <  0.05; 
**  indicates  P  <  0.01;  NS  (not  significant)  indicates  P  >  0.05. 


2)  The  relationships  and  classification  of  anient  to  the  intercalar  on  the  lateral  sur- 
the  three  known  neon  tetras,  Paracheiro-  face  of  the  pterotic  bone,  and  the  sharply 
don,  are  reviewed  and  chosen  as  an  ex-  dorsally  turned  supraoccipital  profile 
ample  of  the  kinds  of  phylogenetic  prob-  combined  with  a  slender  body  form, 
lems  that  will  arise  in  the  phylogenetic  4)  Characters  of  dental  morphology,  la- 
study  of  American  characids.  terosensory  system,  and  karyology  are  dis- 

3)  The  monophyly  of  Paracheirodon  is  cussed  and,  with  our  current  understand- 
documented  by  eight  synapomorphic  ing  of  characid  phylogenetics,  found  to  be 
characters,  including  two  aspects  of  live  uninformative  about  relationships  of  the 
color  pattern  (presence  of  intense  blue  or  species  of  Paracheirodon. 

blue-green  lateral  body  stripe  and  dense  5)  The  three  species  of  Paracheirodon, 

red  pigment  restricted  to  region  ventral  to  P.  simulans,  P.  axelrodi,  and  P.  innesi  are 

lateral    stripe),    preserved    color    pattern  diagnosed  and  differentiated, 
(brown  or  black  chromatophores  under-  6)  The  evidence  for  interrelationships 

lying  and   extending  dorsal   to  lateral  of  the  species  of   Paracheirodon   is  dis- 

stripe),  the  dorsally  placed  attachment  of  cussed   and   one  character,   the  dorsal 

the  pterotic  aponeurosis  to  the  skull,  a  dor-  placement  of  the  lateral  blue  body  stripe 

sal    position    of    the    posttemporal-supra-  in  life  and  its  posterior  termination  near 

cleithrum  joint,  the  dorsal  position  of  the  the  base  of  the  adipose  fin,  is  found  to  be 

epioccipital  bridge  on  the  skull,  the  at-  unique  to  two,  P.  axelrodi  and  P.  innesi. 

tachment  of  the  ventral  posttemporal  lig-  We  were  unable  to  hypothesize  polarities 
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for  other  characters  common  to  any  pair 
of  the  three  species  because  all  of  the 
characters  appear  in  at  least  some  other 
possibly  related  taxa  and  because  we  were 
unable  to  hypothesize  a  precise  outgroup. 
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APPENDIX  1,  SPECIMENS  EXAMINED 

The  characid  specimens  in  the  follow- 
ing list  formed  the  basis  for  the  compar- 
ative comments  and  for  outgroiip  com- 
parisons. In  nearly  all  cases  it  was  possible 
to  examine  alizarin  preparations.  Addi- 
tional alizarin  preparations  listed  in 
Weitzman  (1962)  belong  to  the  following 
species:  Aphijocharax  alhurnus  (Giinther), 
Astijanax  fasciatiis  mexicanus  Filippi, 
Brycon  meeki  Eigenmann  and  Hilde- 
brand,  Bryconamericus  brevirostris  (Giin- 
ther), Bryconamerictis  ortholepis  Eigen- 
mann, Griindulus  bogotensis  (Humboldt 
and  Valenciennes),  Hetnigramtntis  nanus 
Liitken,  Heniigraninms  unilineatus  Gill, 
and  Tetragonopterus  argenteus  Cuvier. 
Three  species  of  Cheirodon,  listed  in  Fink 
and  Weitzman  (1974),  were  examined,  C. 
affinis  (Meek  and  Hildebrand),  C.  dialep- 
turiis  Fink  and  Weitzman,  and  C.  terra- 
bae  Bussing. 

There  were  species  in  some  genera,  e.g., 
Tyttobrycon  Gery,  which  we  were  not 
able  to  examine.  Comparison  of  these  with 
Paracheirodon  awaits  new  collections  and 
further  studies.  Many  other  species  in  the 
genera  listed  below  or  in  other  genera  were 
examined,  mostly  from  specimens  that 
were  not  alizarin  preparations.  Those  list- 
ed below  were  selected  to  be  examined  in 
detail  for  a  variety  of  reasons.  Most  are 
morphologically  representative  of  the 
genera  to  which  they  have  been  assigned 
by  past  authors. 

Aphyodite  sp. — 2  alizarin  preparations,  SL  22.1- 
11.7  mm,  USNM  221932,  Brazil,  Amazonas,  Lago 
Hyanuary  (=Janauari)  (30°13'S,  60°9'W),  near  Ma- 
iiaus,  Thayer  Expedition,   Major  Coutiiiho,   Novem- 


ber-December 1865.  [Dick,  1977,  Figure  10  shows 
Eago  Hyanuary  (now  spelled  Janauari)  to  be  along 
the  northeastern  side  of  the  Rio  Negro  northwest  of 
Manaus.  Lago  Janauari  lies  south  of  Manaus  on  the 
neck  of  land  between  the  confluence  of  the  Rio  Ne- 
gro and  the  Rio  Solimoes.  Mrs.  Agassiz  (Agassiz  and 
Agassiz,  1868:  253)  states  that  the  lake  is  on  the  west 
side  of  the  Rio  Negro.  Currenth  a  lake  with  this 
name  lies  on  the  opposite  side  of  the  Rio  Negro  from 
Manaus,  to  the  southwest.] 

Astijanax  fasciatus  mexicanus  (Filippi). — 3  aliz- 
arin preparations,  SL  37.5-60.3  mm,  from  19  spms, 
MCZ  41365,  Mexico,  Tamaulipas,  Rio  Guayalejo  (ap- 
proximately 23°0'N,  98°50'W),  W.  A.  McLane  and 
N.  Marshall,  December  1939. 

Axelrodia  riesei  Gery. — 6  alizarin  preparations,  SL 
15.2-17.6  mm,  USNM'221681,  from  20  spms,  USNM 
231821,  Colombia,  Vaupes,  Rio  V'aupes  at  Mitu 
(1°7'N,  70°4'W),  H.  R.  Axelrod,  November  1964. 

Brittanichthqs  axelrodi  Gerv. — 2  alizarin  prepa- 
rations, SL  19.8-22.2  mm,  LSNM  221682,  Colombia, 
Vichada,  Rio  Orinoco  basin,  Rio  Muco  50  km  west 
of  San  Jose  de  Ocune  (4°14'N,  70°50'W),  R.  Socolof, 
3-5  JuK  1974.  — 17  alizarin  preparations,  SL  15.3- 
24.1  mm,  USNM  221992,  from  60  spms,  USNM 
221991  (also  60  spms  at  MZSUP),  Brazil,  Amazonas, 
Rio  Negro  drainage,  near  mouth  of  Rio  I'rubaxi 
(0°24'S,  65°2'W),  M.  Goulding,  11  February  1980. 

Bryconamericus  meridae  (Eigenmann). — 4  aliza- 
rin preparations,  SL  25.9-39.2  mm,  USNM  221933, 
from  193  spms,  USNM  121469,  Venezuela,  Trujillo, 
Maracaibo  basin,  Rio  Motatan,  4  km  above  Motatan 
(9°19'N.  70°35'W),  L.  P.  Schultz,  G.  Zuloaga,  W.  H. 
Phelps  Jr.,  15  March  1942. 

Bryconella  palHdifrons  (Fowler).  —  1  holotype  of 
Cheirodon  pallidijrons  Fowler,  SL  22.8  mm,  ANSP 
71728,  aquarium  spm  donated  3  JuK  1940  by  J.  L. 
Troemner.  —  1  holotype  of  Hyphcsssohrycon  thomp- 
soni  Fowler,  SL  18.4  mm,  ANSP  71849,  acjuarium 
spms  donated  March  1949  by  H.  E.  Thompson. — 6 
spms,  SL  21.4-27.4  mm,  USNM  216205,  aquarium 
spms  imported  with  Paracheirodon  innesi,  1976, 
probably  from  near  Leticia,  Colombia. — 4  alizarin 
preparations,  SL  19.0-27.4  mm,  USNM  221676,  same 
data  as  USNM  216205.— 5  spms,  SL  18.8-20.7  mm, 
MC'Z  52163,  C'olombia,  Amazonas,  Rio  Marafion, 
several  km  upriver  from  Leticia,  small  stream  flow- 
ing into  Lago  Yahuacaca  (4°6'S,  69°58'W),  W.  L.  Fink, 
3  December  1976.— 2  spms,  SL  18.2-18.5  mm,  USNM 
216701,  same  data  as  MCZ  52163. 

Characidium  sp. — 2  alizarin  preparations,  SL  27.8- 
35.5  mm,  USNM  222017,  from  68  spms,  USNM 
222017,  C]olombia,  Vichada,  Rio  Orinoco  basin,  Cano 
Muco,  50  km  west  of  San  Jose  de  Ocune  (4°14'N, 
70°50'W),  R.  Socolof,  3-5  July  1974. 

Cheirodon  australe  Eigenmann. — 2  alizarin  prep- 
arations, SL  32.1-46.4  mm,  USNM  221998,  from  14 
paratypes,  USNM  84317,  (-hile,  Llanquiluie,  creek 
flowing  into  Lago  Llanquihue  at  Puerto  Varas 
(41°20'S,  72°68'W),  C.  H.  Eigeimiann,  12  March  1919. 

Cheirodon    <^alu.sdac   I^igciimann. — 2  alizarin 
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preparations,  SL  30.6-52.1  mm,  USNM  221997,  iiorn 
11  paiat>pes,  I'SNM  S4.319,  Chile,  Talca,  Rio  Lon- 
L\)milla  (  =  Rio  Locomilla  of  Eigenmann)  at  San  Ja- 
vier (=San  Xavier  of  Eigenmann)  (35°35'S,  7r44'W), 
C.  H.  Eigenmann.  23  March  1919. 

Cheirodon  iutcrruptus  (Jenyns).  — 16  alizarin 
preparations,  SL  14.0-33.9  mm,  USNM  221674,  from 
107  spms,  l^SNM  221673  (an  equal  number  of  spnis 
at  MZl'SP),  Brazil,  l\io  C^rande  tlo  Sul,  Miuiicipio  de 
Rio  Grande,  Arroio  Senandes  where  it  crosses  road 
between  Rio  Grande  and  Cassino  (32°09'S,  52°11'W), 
N.  Menezes,  L.  C^hao,  S.  Weitzman,  M.  Weitzman, 
and  L.  Jardim,  10  December  1979. — 3  alizarin  prep- 
arations, SL  19.S-40.6  mm,  from  36  spms,  FMNH 
50629.  Uruguay,  Minas,  Arroyo  Polanco  (33°56'S, 
55°20'W),  trUiutar>  to  Rio  Cebollati,  C.  C.  Sanborn, 
December  1926. 

Cheirodon  piaba  Liitken. — 3  alizarin  prepara- 
tions, SL  18.0-22.7  mm,  from  17  spms,  FMNH  50136, 
Brazil,  Parana,  Rio  Harare  (24°7'S,  49°20'W)  a  town 
on  Rio  Itarare,  tributary  to  Rio  Paranapanema,  E.  R. 
Blake,  September  1937. 

Cheirodon  pisciculus  Girard. — 1  alizarin  prepa- 
ration, SL  52.3  mm,  USNM  221996,  from  9  spms, 
USNM  84316,  Chile,  Valparaiso,  Rio  Aconcagua  at 
La  Calera  (32°47'S,  71°12'W),  C.  H.  Eigenmann,  13 
.April  1919. — 2  alizarin  preparations,  SL  39.2-41.5 
mm,  from  many  spms,  CAS  20655  (lUM  15504), 
Chile,  Santiago,  Rio  Maipo  basin  Rio  Angustura  at 
Hospital  (33°52'S.  70°55'W),  C.  H.  Eigenmann,  22 
April  1919. — 1  alizarin  preparation,  SL  28.6  mm, 
USNM  222009.  from  9  spms,  USNM  84318,  same 
locality  data  as  C,\S  20655. 

Elachocharax  geryi  Weitzman  and  Kanazawa. — 1 
alizarin  preparation,  SL  12.5  mm,  USNM  215288, 
(Colombia,  N'ichada,  Rio  Orinoco  basin,  Cano  Muco 
(between  4°14'N,  70°2'W  and  4°58'N,  7r58'W),  a 
tributary  to  Rio  Vichada,  J.  E.  Thomerson,  D.  L. 
Hicks,  and  J.  H.  \'aques,  24  April  1974. 

Gymnocorymbus  thayeri  Eigenmann.  —  1  alizarin 
preparation,  SL  27.5  mm,  CAS(IUM)  15881,  Peru, 
Loreto,  brooks  and  ponds  at  Iquitos  (3°45'S,  73°12'W), 
W.  R.  Allen,  September  1920. 

Hemigrammus  erythrozonus  Durbin. — 1  lecto- 
type,  SL  23.4  mm,  FMNH  .53546,  Guyana  {=British 
Guiana),  Essequibo,  Erukin  Creek  (5°18'N,  59°16'W), 
lower  Potaro  River,  C.  H.  Eigenmann,  30  October 
1908. — 5  spms,  "paralectotvpes,"  SL  21.1-23.3  mm, 
CAS(IUM)  11905,  same  data  as  FMNH  53546.-5 
alizarin  preparations,  SL  22.9-32.5  mm,  USNM 
216709,  aquarium  spms,  December  1976. 

Hemigrammus  levis  Durbin. — 4  alizarin  prepa- 
rations, SL  17.0-41.6  mm,  USNM  221938,  from  28 
spms,  USNM  221937,  Brazil,  Amazonas,  Rio  Negro 
basin,  Rio  Jufari  (  =  Rio  Tupari),  between  Santa  Fe 
and  Castanheiro  Grande  (mouth  of  Rio  Jufari  is  at 
1°23'S,  62°0'W),  M.  Brittan,  21  April  1964. 

Hemigrammus  pulcher  Ladiges. — 3  alizarin  prep- 
arations, SL  19.0-23.1  mm,  USNM  221936,  Colom- 
bia, Amazonas,  Leticia  (4°13'S,  69°56'W),  D.  Kramer, 
4  December  1974. 


Uemigrdnimus  rhodostomus  Ahl.  —  1  alizarin 
preparation,  SL  29.1  mm,  USNM  222018,  from  5 
spms,  USNM  94305,  Brazil,  Para,  Ilha  de  Arapiranga 
(no  specific  site  designated),  1934.  These  specimens 
were  discussed  by  Mvers  in  Eigenmann  and  Myers 
(1929;  352). 

Hemigrammus  sp.  — 16  alizarin  preparations,  SL 
13.6-30.4  mm,  USNM  221671,  from  99  .spms,  USNM 
221672,  Brazil,  Para,  Rio  Marituba  at  Marituba 
(r25'S,  48°15'W),  B.  B.  Collette,  23  May  1975, 

Hyphessobrycon  compressus  (Meek).  —  1  alizarin 
preparation,  SL  30.7  mm,  USNM  204387,  from  3 
spms,  FMNH  4642,  Mexico,  Oaxaca,  El  Hule,  S.  E. 
Meek,  22  April  1903. 

Hyphessobrycon  sp.  — 18  alizarin  preparations,  SL 
13.1-25.9  mm,"  USNM  221679,  from  147  spms,  USNM 
221680.  Brazil,  Para,  Rio  Ihangapi  at  Ihangapi  (0°9'S, 
47°9'W),  B.  B.  Collette,  23  May  1975. 

Hyphessobrycon  loretoensis  Ladiges. — 8  alizarin 
preparations,  SL  13.9-20.3  mm,  USNM  221675,  from 
42  spms,  USNM  216700,  Colombia,  Amazonas,  Rio 
Loreto-Yacu  (3°30'S,  70°10'W),  N.  Navarro  C,  No- 
vember 1976. 

Hyphessobrycon  liitkeni  (Boulenger).  — 15  alizarin 
preparations,  SL  11.9-37.1  mm,  USNM  221677,  from 
204  spms,  USNM  221678  (an  equal  number  of  spms 
at  MZUSP),  Brazil,  Rio  Grande  do  Sul,  southeast  of 
Porto  Alegre,  Municipio  de  Viamao,  small  tributary 
of  Rio  Fiuza  along  Paso  Comprido,  N.  Menezes,  S. 
Weitzman,  and  M.  Weitzman,  9  December  1979. 

Klausewitzia  aphanes  Weitzman  and  Kanaza- 
wa.— 2  alizarin  preparations,  SL  14.8-14.9  mm, 
USNM  221995,  from  14  spms,  USNM  213783,  aquar- 
ium spms  imported  with  Paracheirodon  axelrodi  from 
Manaus,  Brazil,  probably  collected  during  197.5  from 
"upper  Rio  Negro." 

Leptobrycon.  sp.  —  1  alizarin  preparation,  SL  21.7 
mm,  USNM  222013,  from  4  spms,  USNM  222012, 
Venezuela,  Amazonas,  Rio  Atabapo  (4°3'N,  67°43'W), 
tributary  to  Rio  Orinoco,  A.  Cortez,  J.  O.  Silva,  23 
February  1974. 

Microschemobrycon  casiquiare  Bohlke. — 2  aliza- 
rin preparations,  SL  25.1-25.3  mm,  from  29  spms, 
CAS(SU)  17511,  paratypes,  Brazil,  Amazonas,  Rio 
Negro  at  Cucuy  (=Cucuhy)  (F12'N,  66°50'W),  C. 
Ternetz,  14  February  1925. 

Microschemobrycon  sp. — 8  alizarin  preparations, 
SL  25.1-30.8  mm,  USNM  221911,  from  .33  spms, 
USNM  221912  (25  spms  at  MZUSP),  Brazil,  Ama- 
zonas, Rio  Aripuana,  tributary  of  Rio  Madeira  (5°8'S, 
60°24'W).  H.  Britski,  N.  Menezes,  7  November  1976. 

Neolebias  olbrechtsi  (Poll). — 2  alizarin  prepara- 
tions, SL  22.0-23.8  mm,  USNM  222015,  Zaire,  stream 
flow  ing  into  Lake  Tumba  near  Bikoro,  collector  and 
date  unknown. 

Oxybrycon  sp.  —  1  alizarin  preparation,  SL  14.1 
mm,  CAS(SU)  47192,  Brazil,  Amazonas,  Rio  Negro 
at  Cucuy  (=Cucuhy)  (1°12'N,  66°50'W),  C.  Ternetz, 
14  February   1925. 

Parecbasis  cyclolepis  Eigenmann. — 1  spm,  SL  53.5 
mm,  ANSP  144104,  Peru,  Maynas,  vicinity  of  Iquitos 
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(3°45'S,  7.3°12'W),  Rio  Nanay,  Catherwood  Expedi- 
tion, 14  October  1945. 

Pristella  sp. — 2  alizarin  preparations,  SL  28.9-33.8 
mm,  USNM  222008,  from  6  spms,  USNM  66267, 
Guyana  (=British  Guiana),  trenches.  Botanic  Gar- 
dens at  Georgetown  (6°47'N,  58°10'W),  S.  E.  Shidler, 
September  1908, — 2  alizarin  preparations,  SL  17.2- 
22.1  mm,  USNM  222011,  from  6  spms,  USNM 
222010,  Surinam,  Para,  43  km  south  of  Paramaribo, 
blackwater  creek  near  islands,  Bosbeheer  HQ  at  Zan- 
derij,  D.  W.  Dunham,  9  April  1969. 

Thrissobrtjcon  pectinifer  Bohlke.  —  1  alizarin 
preparation,  paratype,  SL  24.0  mm,  CAS(SU)  16945, 
Colombia,  Vaupes,  Rio  Negro,  "from  a  sand  bank  on 
the  Colombian  border,"  C.  Ternetz,  14  February 
1925. 

Tijttocharax  madeirae  Fowler. — 6  alizarin  prep- 
arations, SL  13.5-17.9  mm,  USNM  222007,  from  52 
spms,  USNM  179540,  Brazil,  Amazonas,  Rio  Urubu, 
"about  25  km  from  Itacoatiara  (3°7'S,  58°39'W),  H. 
Schultz,  October  1958. 

APPENDIX  2,  TYPE  LOCALITIES 
OF  SPECIES  OF  PARACHEIRODON 

All  of  the  neon  tetras,  as  originally  de- 
scribed, were  accompanied  by  erroneous 
or  vague  locality  information.  The  follow- 
ing account  is  offered  to  bring  the  record 
up-to-date. 

Myers  (1936:  97)  listed  the  type  locality 
of  P.  innesi  as  follows.  "It  formed  part  of 
an  importation  obtained  by  a  French  col- 
lector of  aquarium  fishes  from  the  Peru- 
vian Amazon;  it  was  received  by  Mr.  Innes 
directly  from  the  importer  in  Paris  for 
identification,  together  with  information 
making  it  seem  likely  that  the  locality  was 
near  Iquitos."  Subsequently  Innes  (1936) 
published  an  account  of  the  introduction 
of  P.  innesi  into  the  aquarium  trade,  mak- 
ing it  clear  that  the  holotype  (USNM 
102109)  is  a  specimen  from  the  original 
importation  sent  to  Paris  in  1936  from 
South  America.  Stoye  (1936)  published  an 
article  about  the  discovery  of  P.  innesi 
based  on  an  interview  with  August  Ra- 
baut,  the  collector.  The  fishes  were  taken 
in  March  and/or  April  1936  during  a  trip 
by  canoe  traveling  up  the  Rio  Putumayo 
into  the  State  of  Amazonas,  Colombia.  The 
precise  locality  in  this  region  is  not  re- 
corded and  the  specimens  may  have  been 
obtained  from  several  localities.  Since  then 


many  millions  of  neon  tetras  have  been 
exported  from  the  areas  of  Peru  and  Co- 
lombia adjacent  to  the  Rio  Putumayo  and 
from  areas  in  Peru,  Colombia,  and  Brazil 
adjacent  to  Tabatinga  and  Leticia.  La- 
diges  (1973,  1978,  and  1979)  provided  in- 
formation on  the  discovery  of  P.  innesi. 
Geisler  (1979)  published  an  account  of 
collecting  P.  innesi  in  the  Rio  Curaray,  a 
tributary  of  the  Rio  Napo  in  Peru. 

It  was  not  until  1960  that  specimens 
with  exact  locality  data  found  their  way 
into  the  scientific  community  (Gery, 
1965a:  31).  These  specimens  were  from 
the  Igarape  Preto  near  the  little  village  of 
Belem,  Amazonas,  Brazil,  about  60  km 
downstream  on  the  Rio  Solimoes  from  the 
border  region  between  Brazil,  Colombia, 
and  Peru.  The  only  other  specimens  with 
locality  data  known  to  us  are  those  re- 
ported here. 

The  history  of  the  discovery  of  P.  ax- 
elrodi  is  more  complex  than  that  of  P. 
innesi  or  P.  simtilans,  but  its  distribution 
now  seems  clear.  Paracheirodon  axelrodi 
was  described  nearly  simultaneously  by 
Schultz  (1956)  and  by  Myers  and  Weitz- 
man  (1956).  These  two  sets  of  authors  re- 
corded different  type  localities.  Schultz 
(1956:  42)  reported  his  two  specimens  as 
being  from  somewhere  near  Porto  Velho 
Ion  the  Rio  Madeira],  Amazonas,  Brazil. 
At  the  end  of  Schultz's  description  (p.  43) 
the  editor  appended  a  short  note  that  the 
specimens  used  in  the  description  were 
supplied  by  H.  R.  Axelrod  who  obtained 
them  from  Sol  Kessler  of  the  Fish  Bowl, 
New  Jersey.  Axelrod  (1956:  16)  reported 
that  this  species  was  brought  to  his  atten- 
tion on  February  tenth  or  eleventh  by  sev- 
eral of  his  friends  and  that  specimens  re- 
ceived from  Mr.  Kessler  were  the  ones  sent 
to  Schultz  at  the  Smithsonian  Institution 
for  identification.  Axelrod  (1956:  17)  fur- 
ther reported  that  he  was  unable  to  get 
information  on  the  collecting  locality  of 
P.  axelrodi  from  the  importers,  Fred  Co- 
chu  and  Mr.  Schnelle  of  Paramount 
Aquarium  Inc.,  but  that  the  locality  in- 
formation he  did  get  came  from  a  person 
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(unnamed)  who  formerly  coUeeted  fishes 
in  the  region  where  these  fishes  are  found. 
Axelrod  (1956:  17)  stated  that  this  person 
told  him  that  this  species  came  from  north 
of  Porto  Velho  on  the  Rio  Madeira. 

Myers  and  Weitzman  (1956:  1)  gave  as 
their  type  locality  for  Hyphessobrycon  car- 
dinalis  {=P.  axelrodi),  "Rio  Negro,  Ama- 
zonas,  Brazil."  They  reported  receiving 
their  specimens  and  locality  information 
from  Paramount  Aquarium  Inc.  through 
W.  T.  Innes.  They  recorded  more  com- 
plete information  on  the  label  in  the  bot- 
tles (SU  48710,  holotype,  and  SU  48711, 
eleven  paratypes  and  SU  48712,  2  alizarin 
specimens,  all  now  at  CAS)  as  Tomar 
(0°25'S,  63°55'W)  on  the  Rio  Negro,  State 
of  Amazonas,  Brazil,  collected  in  the  win- 
ter of  1955-1956.  This  more  precise  in- 
formation was  supplied  by  Paramount 
Aquarium  Inc.,  but  its  publication  was 
withheld  at  their  request.  Weitzman  (1956: 
257-258)  provided  some  history  of  the 
discovery  of  P.  axelrodi,  citing  Ladiges 
(1956)  as  a  source.  Weitzman  noted  that 
this  fish  is  from  the  Rio  Negro,  not  the  Rio 
Madeira  and  that  Ladiges  (1956)  stated 
that  in  1953  he  received  a  letter  from  Prof. 
Harold  Sioli,  a  well  known  German  lim- 
nologist  studying  the  river  systems  of  the 
Amazon  basin,  stating  that  in  September 
of  1952  he  (Sioli)  found  a  neon  tetra  near 
the  mouth  of  the  Rio  Uaupes  (=Vaupes  in 
Colombia)  and  the  Rio  I^ana  near  Sao  Fe- 
lipe. Both  streams  are  tributaries  from  the 
west  to  the  Rio  Negro  with  their  head- 
waters in  Colombia. 

In  February  of  1979  one  of  us  (Weitz- 
man) discussed  this  discovery  with  Pro- 
fessor Sioli  who  later  provided  the  follow- 
ing information  derived  from  his  field 
notes  for  1952.  "In  the  fall  of  1952  I  made 
a  trip  to  the  upper  Rio  Negro  together 
with  some  colleagues  of  the  Instituto 
Agronomico  do  Norte,  Belem  and  Prof. 
Theodosius  Dobzhansky.  On  September 
24,  1952  I  collected  hydrobiological  ma- 
terial in  front  (river  side)  of  Igana  (for- 
merly Sao  Felipe)  near  Sitio  Caburis.  I 
looked  into  a  very  small  forest  pond,  less 


than  one  meter  wide  and  deep,  and  among 
the  dead  leaves  on  the  bottom  I  suddenly 
saw  in  the  brown  water  some  silvery  dou- 
ble-points leyes  with  silvery  pigment  over 
their  dorsal  surface].  I  quickly  dipped  my 
net  into  the  water  and  caught  some  beau- 
tiful-coloured fishes,  red  and  blue,  which 
I,  as  a  non-ichthyologist,  thought  to  be  the 
neon  tetra,  Hyphessobrycon  innesi.  I  only 
wondered  to  find  that  species  so  far  dis- 
tant from  the  area  around  Leticia  on  the 
upper  Solimoes  river,  from  where  the  fish 
is  commonly  exported  for  aquarium  hob- 
byists." Prof.  Sioli  preserved  and  labeled 
a  few  specimens  with  locality  information 
and  later  (1953)  sent  them  to  Dr.  Ladiges, 
then  at  the  Zoological  Institute  of  the  Uni- 
versity of  Hamburg.  Apparently  the  fish 
were  lost  in  the  mail,  for  Ladiges  never 
received  the  specimens.  Prof.  Sioli  also 
noted  that  he  mentioned  this  discovery  to 
Dietrich  Horie  of  Belem,  who  at  that  time 
organized  the  fishing  expeditions  for  Mr. 
Cochu  of  Paramount  Aquarium  Inc.,  New 
York. 

In  retrospect,  it  might  now  appear  that 
Prof.  Sioli  could  have  collected  either  P. 
axelrodi  or  F.  simulans;  however,  one  of 
us  (Weitzman)  interviewed  the  aquarium 
fish  collector  and  exporter  H.  Willi 
Schwartz  of  Manaus,  Brazil  in  1977  con- 
cerning the  habitats  and  collecting  sites  of 
P.  axelrodi  and  P.  simulans.  The  two 
species  appear  to  have  the  same  or  at  least 
partly  the  same  geographical  range.  Mr. 
Schwartz  reported  that  P.  axelrodi  is  or- 
dinarily found  in  the  lower  portions  of  the 
streams  tributary  to  the  upper  Rio  Negro, 
while  P.  simulans  occurs  upstream  and 
rarely,  if  ever,  are  the  two  species  found 
at  the  same  location.  This  would  make  it 
seem  very  probable  that  Sioli  actually 
captured  P.  axelrodi  since  he  captured  his 
specimens  near  the  Rio  Negro. 

Axelrod  (1976  and  1980)  has  published 
accounts  of  the  discovery  of  P.  axelrodi 
differing  from  that  reported  above. 

Paracheirodon  simulans  was  described 
by  Gery  (1963)  and  the  types  were  stated 
to  have  been  collected  by  H.  W.  Schwartz 
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from  the  Rio  Purus  during  November  of 
1962.  Gery  (1966c:  231)  corrected  this  lo- 
cahty  to  the  Rio  Jufaris  (or  Tupari),  which 
empties  into  the  Rio  Negro  near  the  mouth 
of  the  Rio  Branco.  The  correction  was 
supphed  to  Gery  by  the  collector,  H.  W. 
Schwartz. 

Citing  aquarium  collectors  as  his  source, 
Gery  (1966c:  231-232)  discussed  the  dis- 
tribution of  the  neon  tetras.  The  records 
we  include  above  considerably  expand  the 
locality  information  provided  by  Gery  for 
P.  axelrodi  and  especially  for  P.  simulans. 
Gery  (1966c:  232)  stated  that  P.  innesi  is 
present  along  the  Rio  Solimoes  from  Sao 
Paulo  de  Olivenya  in  Brazil  and  along  the 
Rio  Marafion  (the  name  for  the  Rio  Soli- 
moes in  Peru)  up  to  Iquitos  in  Peru.  We 
have  no  information  for  the  existence  of 
P.  innesi  in  that  region  of  the  Rio  Mara- 
iion  but  have  no  reason  to  doubt  this  pos- 
sibility. Kullander's  report,  noted  here  un- 
der the  species  description  of  P.  innesi,  of 
specimens  from  the  lower  Rio  Ucayali  in 
Peru  would  seem  to  confirm  Gery's  report 
and  to  extend  the  range  somewhat. 

APPENDIX  3,  COMMENTS  ON 
CHARACTERS  CURRENTLY 
PHYLOGENETICALLY  UNINFORMATIVE 

Three  character  systems,  the  dental 
morphology,  the  laterosensory  system,  and 
karyology  commonly  vary  in  characids 
and,  at  least  in  the  first  two,  are  easily 
accessible  for  morphological  and  system- 
atic investigation.  These  have  been  used 
frequently  in  the  past  to  assess  relation- 
ships among  characids.  As  explained  be- 
low, we  have  serious  doubts  about  the  cur- 
rent use  of  these  characters.  We  are  certain 
that  these  characters  are  phylogenetically 
significant  at  some  of  the  various  taxo- 
nomic  levels  in  the  characids  that  have 
them.  At  other  levels  they  probably  rep- 
resent homoplasies.  We  have  been  unable 
to  evaluate  their  phylogenetic  appropri- 
ateness for  Paracheirodon.  This  is  because 
of  the  widespread  but  sporadic  occur- 
rence of  these  characters  in  many  chara- 


cids and  because  of  our  failure  to  find  spe- 
cific outgroups  for  Paracheirodon.  It  is  our 
view  that  caution  is  necessary  in  utilizing 
the  characters  discussed  below.  One  should 
not  propose  hypotheses  of  relationship  be- 
yond the  limits  of  homology  (synapomor- 
phy)  established  by  a  combination  of  the 
study  of  morphological  similarity,  the  ap- 
plication of  outgroup  comparison,  and  the 
determination  of  a  parsimonious  distri- 
bution of  characters  among  the  studied 
taxa.  Our  viewpoint  about  the  use  of  on- 
togeny in  the  assessment  of  character  po- 
larity is  discussed  by  Fink  (1982). 

Since  these  characters  have  been  ap- 
plied by  others,  as  explained  below,  to 
questions  of  relationship  about  the  species 
we  place  in  Paracheirodon,  we  find  it  use- 
ful to  discuss  them  at  this  point. 

Dental  Morphology.  This  character 
"complex"  historically  has  been  one  of  the 
most  important  in  characid  classification. 
Numbers  of  tooth  rows  on  the  premaxillae 
define  "subfamilies,"  e.g.:  two  tooth  rows, 
Tetragonopterinae,  Eigenmann  (1917:  38- 
43);  one  row,  Cheirodontinae,  Eigenmann 
(1915:  3-10).  In  combination  with  other 
characters,  numbers  of  teeth  in  the  pre- 
maxillary  rows  define  genera.  For  exam- 
ple, there  are  five  inner  row  premaxillary 
teeth  in  Astyanax  and  four  teeth  in  Bry- 
conamericus.  Consideration  of  relation- 
ships based  on  interpretations  of  tooth 
morphology  has  been  the  primary  source 
of  the  "neon  tetra  problem."  In  the  ab- 
sence of  synapomorphies  diagnostic  of 
Paracheirodon,  P.  axelrodi  and  P.  innesi 
would  be  "cheirodontine"  (in  different 
genera)  and  P.  simidans  "tetragonopter- 
ine."Ourassessment  that  these  three  species 
form  a  monophyletic  group  forces  a  re- 
consideration of  dental  morphology,  spe- 
cifically as  applied  to  the  problem  of  in- 
terrelationships within  Paracheirodon. 
Unfortunately,  our  lack  of  a  precise  hy- 
pothesis of  outgroups  prevents  us  from 
utilizing  such  similarities  as  are  present  in 
the  group.  For  example,  P.  simidans  (Fig. 
19A-D)  has  two  rows  of  premaxillary  teeth 
while  P.  axelrodi  (Fig.  20A-D)  and  P.  in- 
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nesi  (Fig.  21A-D)  have  one  row.  If  we  find 
that  there  are  two  rows  in  the  outgroup, 
the  single  row  would  be  synapomorphous 
for  the  axelrodi-inr^esi  pair.  If,  on  the  oth- 
er hand,  there  is  a  single  row  in  the  out- 
group, the  two  rows  of  P.  siniidans  is  an 
autapomorphy.  Likewise,  the  analysis  of 
tooth-cusp  number:  adult  P.  sirnuJans  have 
six  to  nine  cusps  on  the  large  jaw  teeth, 
adult  P.  axclrodi,  five  to  seven,  and  adult 
P.  iinu'si,  three.  Two  alternative  subgroups 
are  possible,  one  based  on  cusp  reduction 
(P.  axelrodi-P .  innesi),  and  the  other  on  a 
cusp  increase  (P.  axelrodi-P.  simulans). 
Again,  lack  of  an  appropriate  outgroup 
prevents  use  of  these  similarities. 

We  must  admit  that  our  personal  biases 
suggest  that  the  single  tooth  row  and  re- 
duced cusp  number  are  derived  charac- 
ters for  Paracheirodon.  The  supposition 
regarding  the  former  character  is  in  part 
based  on  our  observation  (discussed  in  the 
Description  Section)  that  P.  innesi  of  ad- 
vanced age  occasionally  develop  a  second 
tooth  row  (Fig.  23A-D).  Nevertheless,  our 
biases  are  unsupported  by  solid  evidence 
and  must  be  left  out  of  the  analysis. 

Laterosensory  System,  Cra7iiiim,  Pec- 
toral Girdle,  and  Associated  Structures. 
Laterosensory  system  reduction  in  Par- 
acheirodon is  extensive  on  both  the  head 
and  body  and  formed  part  of  the  basis  for 
the  discussion  of  the  relationships  of  P. 
axelrodi  and  P.  innesi  by  Gery  (1960b:  8- 
13).  Laterosensory  reductions  in  the  post- 
ocular  skull  region  were  illustrated  by 
Gery  (1960b:  10-11,  Figs.  6-8).  In  com- 
paring his  drawings  with  our  cleared  and 
stained  specimens  of  these  species  we 
found  a  variety  of  discrepancies.  Before 
proceeding  with  our  own  discussion  of  this 
region  we  find  it  appropriate  to  review 
Gery's  efl'orts.  Gery  (1960b)  noted  that  P. 
innesi  and  P.  axelrodi  have  this  region 
"comparable"  (p.  9)  and  "the  same"  (p. 
11).  But  on  page  12  he  stated:  "Compared 
to  Cheirodon  axelrodi  these  structures  [in 
P.  innesi]  (in  particular  the  circumorbital 
and  otic  series)  make  believe  [sic]  that  the 
two  forms  [P.  axelrodi  and  P.  innesi]  which 


are  also  extremely  similar,  have  evolved 
independently  from  a  common  cheiro- 
dontine  ancestor  and  probably  recently." 
This  statement  seems  to  indicate  that  Gery 
detected  differences  in  this  region  which, 
along  with  those  he  found  in  the  jaws, 
prompted  him  to  hypothesize  conver- 
gence of  external  characters  such  as  color 
pattern  for  these  two  fishes.  However, 
Gery's  illustrations  (Fig.  7)  of  the  postoc- 
ular  skull  of  these  two  neon  tetras  show 
some  rather  drastic  differences  in  the 
bones  he  labelled  as  epiotic,  supratempor- 
al,  and  posttemporal.  Upon  comparison  of 
Gery's  illustrations  with  the  specimens  at 
hand,  we  find  a  considerable  amount  of 
error  in  both  his  drawing  and  labeling. 
Compare  Gery's  illustrations  with  Figures 
4,  5,  7  of  P.  axelrodi  and  8  of  P.  innesi  in 
the  present  paper  and  note  their  similarity 
to  Figure  6  of  P.  siniidans.  In  both  of 
Gery's  illustrations  the  bone  labeled  as  the 
cleithrum  is  the  supracleithrum  and  that 
labeled  as  the  supracleithrum  is  the  post- 
temporal.  In  both  illustrations  Gery  divid- 
ed the  frontal  into  two  parts,  labeling  the 
anterior  part  the  frontal  and  the  posterior 
part  the  parietal.  In  both  drawings  he  il- 
lustrated a  supraorbital,  a  bone  we  found 
absent  in  all  our  cleared  and  stained  spec- 
imens of  P.  axelrodi  and  P.  infiesi  and  in 
all  "tetragonopterine"  characids  exam- 
ined. The  epioccipital  (=epiotic)  is  not  il- 
lustrated in  his  drawings.  In  his  drawing 
of  P.  innesi  he  divides  the  parietal  into 
two  parts,  labeling  one  the  epiotic  and  the 
other  supratemporal.  In  his  drawing  of  P. 
axelrodi  he  divides  the  pterotic  into  two 
bones,  labeling  one  the  supratemporal  and 
the  other  the  pterotic.  The  exoccipital, 
epioccipital  (=epiotic),  and  basioccipital 
bones  are  not  present  in  Gery's  drawings. 
He  labels  the  parietal  as  the  epiotic.  With 
these  kinds  of  errors  in  morphological  rep- 
resentation we  can  place  little  confidence 
in  Gery's  statements  about  relationships 
based  on  his  observations. 

Reductions  of  the  laterosensory  portions 
of  the  postocular  cranium  and  shoulder 
girdle  are  as  follows.  Laterosensory  canals 
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are  absent  from  all  of  the  postocular  cra- 
nial bones  except  the  frontal  (Figs.  4-8). 
The  primitive  laterosensory  canal  ar- 
rangement for  characids  is  illustrated  in 
Figures  9,  28A,  29  for  Astyanax  and  Fig- 
ures 10,  30  for  Gymnocorymhus.  Canal 
terminology  used  here  follows  Weitzman 
(1962:  65,  Fig.  9).  There  are  supratem- 
poral  and  parietal  canals  in  the  parietal 
bone,  a  pterotic  canal  in  the  pterotic,  all 
of  which  are  absent  in  the  species  of  Par- 
acheirodon  and,  to  varying  degrees,  in 
many  small  characids.  Cheirodon  inter- 
ruptiis  (Fig.  11)  shows  relatively  little  la- 
terosensory canal  loss,  whereas  Hemi- 
grammus  erythrozonus  (Fig.  12)  shows 
considerably  more.  Axelrodia  riesei  (Fig. 
13),  Brittanichthy.s  axelrodi  (Fig.  14),  and 
Tyttocharax  madeirae  (Fig.  15)  have  cra- 
nial laterosensory  canal  loss  about  equiv- 
alent to  that  of  the  neon  tetras.  The  pyg- 
my species  of  the  Characidiinae, 
Klausewitzia  aphanes  (Fig.  17)  and 
Elachocharax  geryi  (Fig.  18)  also  show 
much  laterosensory  canal  loss. 

The  pterotic  branch  of  the  frontal  la- 
terosensory canal  is  absent  in  the  neon  tet- 
ras (Figs.  6-8).  This  branch  is  illustrated 
in  its  most  extensive  form  in  Figures  10, 
30  of  Gymnocorymhus.  The  canal  is  ab- 
sent from  the  bone  in  Astyanax  (Fig.  9) 
but  is  present  in  the  skin  over  its  surface 
(Fig.  29).  The  pterotic  branch  of  the  fron- 
tal canal  is  often  reduced  or  lost  in  pae- 
domorphic  characids  (Figs.  11-15,  18). 

The  neon  tetras  lack  the  extrascapular 
bone  and  its  canal  (Figs.  6-8).  The  prim- 
itive arrangement  of  the  extrascapular 
bone  with  three  openings  and  the  latero- 
sensory system  is  shown  in  Figures  9,  29 
of  Astyanax  and  Figures  10,  30  of  Gym- 
nocorymhus. The  extrascapular  is  also  ab- 
sent in  Axelrodia  and  Brittanichthys  (Figs. 
13,  14  respectively)  and  reduced  in 
Klausewitzia  (Fig.  17).  In  Figure  15  of 
Tyttocharax  the  small  bone  shown  at  the 
dorsal  end  of  the  supracleithrum  is  a  post- 
temporal,  not  an  extrascapular. 

The  posttemporal  and  supracleithrum 
are   without   laterosensory   canals   in   the 


species  of  Paracheirodon.  The  primitive 
characid  distribution  of  these  canals  is 
represented  by  Astyanax  (Figs.  9,  29)  and 
Gymnocorymhus  (Figs.  10,  30).  The  ca- 
nals are  present  in  Cheirodon  interruptus 
(Fig.  11)  and  Hemigrammiis  erythrozo- 
nus (Fig.  12),  but  absent  in  Axelrodia  rie- 
sei (Fig.  13),  Brittanichthys  axelrodi  (Fig. 
14),  and  Tyttocharax  madeirae  (Fig.  15). 

A  suprapreopercular  bone  is  absent  in 
Paracheirodon.  The  bone  is  present  in  As- 
tyanax (Fig.  9)  and  Gymnocorymhus  (Fig. 
10)  as  a  tube  bone  dorsal  to  the  preopercle 
and  illustrated  in  the  same  pattern.  The 
suprapreopercle  is  commonly  absent  in 
small  characids  (Figs.  11-18)  and  may  be 
the  first  part  of  the  head  laterosensory  sys- 
tem to  be  lost  in  small  characids. 

Other  segments  of  the  laterosensory  sys- 
tem absent  in  Paracheirodon  are  the  pos- 
terior infraorbitals  and  their  canals  of  the 
circumorbital  series  (Fig.  24A-C). 

The  terminology  we  believe  suitable  for 
the  circumorbitals  was  defined  by  Weitz- 
man (1962:  28-31,  Fig.  9).  The  term  lach- 
rymal, still  extensively  used  in  teleosts  for 
the  first  (anterior)  infraorbital,  was  ex- 
cluded from  consideration  because  there 
is  no  evidence  of  the  homology  of  the  bone 
with  the  lachrymal  of  non-teleostean  ver- 
tebrates. Also,  the  terms  "great  suborbit- 
al" and  "second  suborbital,"  used  for 
characids  by  Eigenmann  in  his  extensive 
series  of  papers,  is  here  called  the  third 
infraorbital.  The  bone  is  not  a  true  sub- 
orbital as  explained  by  Weitzman  (1962: 
28,  footnote),  and  it  is  not  the  second  bone 
in  the  infraorbital  series.  Terms  such  as 
suborbital  and  postorbital  are  used  in  sev- 
eral fossil  fish  groups  for  orbital  bones 
which  do  not  border  the  eye,  and  these 
orbital  bones  are  not  homologous  with  the 
infraorbital  bones  which  do  border  the  eye. 

The  antorbital  is  the  most  anterior  ele- 
ment of  the  orbital  series  illustrated  in 
Figures  4,  5,  28A,B.  It  lacks  a  laterosen- 
sory canal,  lies  in  the  posterolateral  wall 
of  the  nasal  capsule,  and  is  dorsal  to  the 
first  infraorbital. 

The  infraorbitals  are  numbered  consec- 
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Figure  29.  Posterior  region  of  skull  and  pectoral  girdle  of  As- 
tyanax  fasciatus  mexicanus,  female,  SL  52.4  mm,  MCZ  41365, 
lateral  view,  left  side.  Distribution  of  laterosensory  system  il- 
lustrated by  dense  black  dots. 


Figure  28.  Face  bones  of  three  neotropical  characids.  Cir- 
cumorbital  bones  represented  by  plus-sign  {+)  pattern.  Lateral 
view,  left  side.  A.  Astyanax  fasciatus  mexicanus,  SL  40.4  mm, 
MCZ  52104.  B.  Gymnocorymbus  thayeri.  SL  38.5  mm,  MCZ 
49962.  C.  Hemigrammus  erythrozonus,  SL  24.2  mm,  USNM 
216709. 


utively,  the  anterior  one  being  referred  to 
as  the  first  and  the  posterodorsal  one  as 
the  sixth.  The  third  infraorbital  is  the  larg- 
est and  apparently  primitively  has  its  ven- 
tral and  posterior  border  along  the  pre- 


Figure  30.  Postocular  region  of  skull  and  pectoral  girdle  of 
Gymnocorymbus  thayeri.  adult,  SL  27.5  mm,  CAS(IUM)  15881 , 
lateral  view,  left  side.  Distribution  of  laterosensory  system  il- 
lustrated by  dense  black  dots. 
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opercular  laterosensory  canal  (Weitzman, 
1960:  64,  Fig.  8).  In  many  characids  the 
third  infraorbital  is  reduced  in  size  so  that 
its  distal  border  (that  away  from  the  eye) 
does  not  contact  the  border  of  the  pre- 
opercular  canal  (Fig.  28A-C).  All  infraor- 
bital bones  have  laterosensory  canals  in 
relatively  primitive  characids.  The  su- 
praorbital is  apparently  absent  in  "tetra- 
gonopterine"  characids  but  is  present  in 
Brycon  and  some  other  characids  such  as 
Serrasahnus. 

Reductions  or  absence  of  infraorbital 
four,  five,  and  six  (Figs.  11-18,  28C),  and 
reductions  in  perforated  lateral-line  scales 
are  of  common  occurrence  in  small  and 
medium  sized  characids.  These  charac- 
ters, also  found  in  Paracheirodon,  have 
evolved  repeatedly  through  paedomor- 
phosis  and  may  be  labile,  subject  to  being 
phenotypically  reacquired  through  het- 
erochrony. Such  characters,  although  cer- 
tainly phylogenetically  significant  at  some 
level,  in  practice  are  difficult  to  use  as  syn- 
apomorphies.  Although  the  laterosensory 
reductions  present  in  the  neon  tetras  may 
help  define  Paracheirodon,  we  find  it  im- 
possible to  use  them  until  we  have  a  pre- 
cise hypothesis  of  outgroup  relationships. 

Karyology.  A  survey  of  the  literature  of 
fish  systematics  (and  of  many  other  groups) 
for  the  past  two  decades  shows  an  increas- 
ing use  of  chromosome  number  and  mor- 
phology as  characters.  We  expect  to  see 
the  use  of  chromosome  data  increase  with 
the  continued  refinement  and  simplifica- 
tion of  karyological  methods.  Chromo- 
some features,  like  any  other  characters, 
must  be  subject  to  phylogenetic  analysis. 
Phenetic  similarity  or  simple  possession  of 
similar  numbers  of  chromosomes  or  arms 
does  not  necessarily  indicate  close  rela- 
tionship. We  know  of  very  few  attempts 
to  interpret  karyotypic  data  in  fishes  in 
the  phylogenetic  paradigm,  at  least  at 
lower  taxonomic  levels  (e.g.,  Wiley  and 
Hall,  1975).  Farris  (1978)  has  discussed 
analysis  of  chromosomes  in  phylogenetic 
inference. 


In  the  problem  at  hand,  we  find  the 
available  data  flawed.  Attempts  to  date  to 
characterize  the  karyotypes  of  P.  axelrodi 
and  P.  innesi  have  arrived  at  different  re- 
sults. For  P.  axelrodi,  Post  (1965:  65)  found 
n  =  24  while  Scheel  and  Christensen  (1970: 
26)  found  n  =  26.  Post  (1965)  did  not  de- 
scribe chromosome  morphology,  but 
Scheel  and  Christensen  (1970:  31)  state 
that  the  chromosomes  include  one  pair 
with  "short  or  very  short  secondary  arms," 
with  the  rest  "strictly  one-armed"  (see 
their  figure  on  page  31).  For  P.  innesi  the 
latter  authors  (pp.  26,  31)  give  2n  =  32  as 
the  chromosome  number.  They  describe 
all  as  having  "two  arms,"  state  that  "twen- 
ty large  two-armed  elements  represent 
derived  elements  produced  by  fusions  of 
one-armed  elements."  Lueken  and  Foers- 
ter  (1969:  172)  report  2n  =  36  for  P.  in- 
nesi, but  our  count  from  their  Figure  3  is 
2n  =  32,  which  agrees  with  that  of  Scheel 
and  Christensen.  Scheel  (1972:  62)  gives 
the  karyotype  of  P.  simulans  as  n  =  25 
and  48  arms. 

It  is  obvious  that  some  disagreement 
about  the  karyotype  of  these  fishes  exists, 
and  it  is  even  more  unfortunate  that  the 
above  authors  either  presented  their  data 
without  illustrations  or  in  the  form  of  pho- 
tographs of  crude  cell  squashes,  with  no 
presentation  of  serially  arranged  chro- 
mosomes, no  indication  of  numbers  of  cells 
examined,  no  list  of  tissue  examined,  no 
locality  data  of  examined  specimens,  and 
no  voucher  specimens  deposited  in  mu- 
seums. There  is  agreement  among  the  au- 
thors that  all  three  of  the  neon  tetras  have 
different  karyotypes  and  we  will  present 
our  discussion  on  the  assumption  that  these 
differences  are  real. 

Scheel  and  Christensen  (1970:  31)  and 
Scheel  (1972:  65)  attempted  to  use  karyo- 
typic data  to  determine  whether  the  neon 
tetras  are  "closely  related"  and  concluded 
that  all  are  "distantly  related,"  thereby 
implying  that  the  three  species  should  be 
kept  in  separate  genera.  Further,  based  on 
similarity  of  chromosome  morphology  and 


Paracheirodon  Relahonshu's  •  Weitznian  and  Fink        395 


number,  Scheel  (1972:  65)  considered  tlie  "close  relationships"  of  Triportheus  and 
following  characids  to  be  closely  related:  Nematohrycon  with  each  other  and  with 
Hasemania  marginata,  Moenkhaiisia  oli-  the  other  genera  listed  above.  We  suspect 
golepis,  Thaijeria  hochlkei,  Triportheus  that  sister  group  relationships  will  indeed 
pictus,  Hemigramnius  caudovittatus,  be  found  between  some  species  currently 
Hijphcssobrijcon  bifasciatus,  Nematobry-  assigned  to  Hemigrammus ,  Hyphesso- 
con  palnieri,^  Astyanax  birnaculatus,  and  brycon,  and  Hasemania,  but  the  evidence 
Gy muocory mbus  ternetzi.  Scheel  never  as  presented  and  analyzed  by  Scheel  is  not 
explicitly  defined  the  character  he  used  to  suitable  for  the  analysis.  Instead,  the  data 
form  this  group,  but  our  interpretation  of  presented  by  Scheel  (1972)  indicate  to  us 
his  te.xt  is  that  the  karyotype  of  each  that  gross  chromosome  morphology  as 
member  has  at  least  one,  but  up  to  five,  studied  by  the  above  authors  is  quite  la- 
large  metacentric  chromosomes.  The  only  bile  in  small  characid  species  and  that 
way  to  define  the  character  as  it  was  used  considerable  comparative  investigation  of 
is  "presence  of  large  metacentric  chro-  chromosome  banding,  with  emphasis  on 
mosomes,"  disregarding  the  number  of  the  search  for  derived  characters,  will  be 
metacentrics.  The  logic  of  such  a  proce-  needed  before  chromosome  data  will  be 
dure  escapes  us.  Nevertheless,  in  effect  useful  in  phylogenetic  analysis  of  these 
Scheel  proposed  a  phylogenetic  hypothe-  fishes. 

sis  greatly  at  variance  with  any  current  Based  on  data  presented  by  the  above 
understanding  of  characid  relationships,  authors,  we  note  that  each  of  the  neon 
In  spite  of  his  statement  that  the  karyo-  tetras  has  a  karyotype  different  from  the 
type  shared  by  this  assemblage  could  not  others,  that  both  P.  simulans  and  P.  ax- 
possibly  have  developed  independently,  elrodi  have  karyotypes  which  are  similar 
implying  monophyletic  relationship,  we  to  those  of  many  other  small  characid 
would  hold  that  many  characters  in  the  species,  and  that  P.  innesi  seems  to  have 
morphology  of  these  fishes  would  refute  a  unique,  probably  derived,  karyotype, 
such  a  hypothesis,  especially  the  putative  These  data  thus  are  not  relevant  to  phy- 
logenetic analysis  since  the  characters  are 
either  primitive  for  characids  or  are  au- 

'  Incorrectly  placed  in  the  Cheirodontinae.  tapomorphic. 
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GENUS  STIZUS  LATREILLE  IN  NORTH  AMERICA 
(HYMENOPTERA:  NYSSONINAE) 


J.  WILLIAM  STUBBLEFIELD' 

Abstract.  The  five  North  American  species  of  Stizus  Latreille  are  reviewed.  Stizus  aztecus  is  described,  and 
nev^  descriptions  are  provided  for  the  other  four  species:  S.  brevipennis  Walsh,  S.  texanus  Cresson,  S.  occi- 
dentalis  Parker,  and  S.  iridis  Dow.  A  key  to  these  species  is  provided,  and  the  distribution  of  each  species 
is  documented.  The  North  American  species  belong  to  two  well-defined  species-groups,  the  brevipennis  group 
and  the  ruficornis  group,  and  the  characters  defining  these  two  groups  are  discussed.  The  ethology  of  Stizus 
is  reviewed,  and  a  worldwide  list  of  the  published  prey  records  is  presented. 


INTRODUCTION 

The  species  belonging  to  the  genus  Sti- 
zus are  large,  often  brightly  colored, 
ground-nesting  wasps  that  provision  their 
nests  with  Orthoptera.  With  more  than  120 
species  now  recognized,  Stizus  is  one  of 
the  largest  genera  in  the  Nyssoninae  with 
only  the  cosmopolitan  genera  Bembecinus 
and  Bembix  containing  more  species.  Sti- 
zus is  widespread  in  Africa,  Eurasia,  and 
North  America  but  is  absent  from  Austra- 
lia and  the  Americas  south  of  Mexico.  The 
vast  majority  of  species  occur  in  the  Old 
World,  and  only  five  species  are  known 
from  North  America:  S.  brevipennis 
Walsh,  S.  texanus  Cresson,  S.  aztecus  new 
species,  S.  occidentalis  Parker,  and  S.  iri- 
dis Dow.  The  North  American  species  fall 
into  two  well-defined  species  groups,  the 
brevipennis  group  which  is  restricted  to 
North  America  and  the  ruficornis  group 
which  is  well  developed  in  Africa  and 
Eurasia.  Two  other  species  groups  are  also 
recognized  but  do  not  occur  in  North 
America,  the  very  large  fasciatus  group 
with  numerous  species  in  the  Old  World 
and  the  monotypic  scolaeformis  group  of 
Africa. 


'  Museum  of  Comparative  Zoology,  Harvard  Uni- 
versity, Cambridge,  Massachusetts  02138.  Present 
address:  Department  of  Biology,  University  of  Utah, 
Salt  Lake  Citv,  Utah  84112. 


The  present  work  provides  a  review  of 
what  is  now  known  about  the  North 
American  species  of  Stizus,  including  their 
taxonomy,  distribution,  and  ethology.  A 
new  species,  S.  aztecus,  is  described,  and 
each  of  the  previously  known  species  is 
redescribed  in  order  to  remedy  certain 
deficiencies  in  earlier  descriptions  and  to 
facilitate  comparisons  between  species. 
The  male  genitalia  and  sternum  VIII  of 
each  species  are  illustrated  with  SEM  pho- 
tographs; these  structures  differ  markedly 
between  species  and  provide  a  reliable  ba- 
sis for  identification.  The  characters  serv- 
ing to  distinguish  the  brevipennis  and 
ruficornis  groups  are  discussed,  and  a  key 
to  the  North  American  species  is  provid- 
ed. It  is  unlikely  that  any  new  species  will 
be  discovered  in  North  America,  but  much 
remains  to  be  learned  about  the  biology 
of  Stizus.  Prey  records,  for  example,  exist 
for  only  two  of  the  five  North  American 
species  and  only  eleven  of  the  more  than 
100  species  occurring  in  the  Old  World. 
Even  less  is  known  about  the  nesting  be- 
havior of  Stizus;  only  the  East  Asian  S. 
pulcherrimus  has  been  studied  in  much 
detail  (Tsuneki,  1965).  A  worldwide  list  of 
prey  records  for  Stizus  is  provided  here, 
and  Evans  (1966)  may  be  consulted  for  a 
general  review  of  Stizus  ethology. 

A  sizeable,  though  rather  scattered,  lit- 
erature devoted  to  Stizus  has  developed 
since  the  classical  monograph  of  Hand- 
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lirsch  (1892)  which  treated  the  genus  on 
a  global  scale.  At  that  time,  only  two 
species  were  known  from  North  America, 
S.  brevipennis  Walsh  (1869)  and  S.  tex- 
anus  Cresson  (1872),  and  several  decades 
were  to  pass  before  Parker  (1929)  de- 
scribed S.  occidentalis.  Dow  (1941)  added 
S.  iridis  and  provided  the  first  compre- 
hensive key  to  the  North  American  species. 
The  world  monograph  of  Handlirsch 
(1892)  provided  a  firm  foundation  for  fur- 
ther work  on  Stizus  taxonomy  and  is  a 
valuable  source  of  information  even  to- 
day. The  more  recent  literature  is  much 
narrower  in  scope  but  includes  several  im- 
portant regional  works,  including  Mercet 
(1906)  for  Spain,  Mochi  (1939)  for  Egypt, 
Bingham  (1897)  for  India,  and  Arnold 
(1929,  1945)  for  southern  Africa  and  Mad- 
agascar. There  is  a  need  for  a  comprehen- 
sive review  of  the  Old  World  Stizus  with 
an  eye  toward  developing  a  clearer  view 
of  subgeneric  relationships.  Valuable  dis- 
cussions of  the  systematics  of  Stizus  and 
related  genera  have  been  provided  by 
Lohrmann  (1943),  de  Beaumont  (1954), 
Evans  (1966),  and  Bohart  and  Menke 
(1976).  This  last  work  includes  a  compre- 
hensive list  of  the  known  species.  The 
morphological  terminology  employed  here 
follows  Bohart  and  Menke  (1976)  or,  in 
some  cases,  Evans  (1966). 

The  genus  Stizus  was  interpreted  in  a 
very  broad  sense  by  such  early  authors  as 
Handlirsch  (1892),  Fox  (1895),  Kohl 
(1897),  and,  most  recently,  by  Arnold 
(1929,  1945).  As  understood  by  these  au- 
thors, Stizus  included  two  components 
which  have  been  generally  regarded  as 
distinct  genera  following  Parker  (1929): 
Stizoides  Guerin-Meneville  and  Bembe- 
cinus  A.  Costa.  These  genera  agree  with 
Stizus  in  many  respects  and  are  generally 
considered  to  be  closely  related.  Stizoides 
is  clearly  very  close  to  Stizus  but  differs 
in  having  edentate  mandibles,  eyes  that 
converge  strongly  below,  and  a  strongly 
sculptured  integument.  The  distribution 
of  Stizoides  is  very  similar  to  that  of  Sti- 
zus; the  28  species  now  recognized  are  re- 


stricted to  Africa  and  Eurasia  except  for 
two  North  American  species.  Bembecinus 
represents  a  more  divergent  element  as 
indicated  by  the  following  derived  char- 
acters that  serve  to  distinguish  it  from  Sti- 
zus and  Stizoides:  1)  male  antenna  with 
a  spinose  projection  on  flagellomere  IX  in 
most  species;  2)  episternal-scrobal  sulcus 
absent,  the  mesopleuron  not  interrupted 
by  any  grooves  or  ridges;  3)  propodeum 
concave  behind,  compressed  into  ridges 
posterolaterally;  4)  second  submarginal  cell 
markedly  narrowed  anteriorly  and  some- 
times petiolate;  and  5)  hindwing  median 
cell  with  only  one  distal  appendage  in- 
stead of  two.  The  roughly  150  species  cur- 
rently recognized  in  Bembecinus  include 
representatives  in  all  major  regions.  Sti- 
zoides and  Bembecinus  both  lack  the  me- 
dian pubescent  depression  on  the  female 
scutellum  as  found  in  many  Stizus. 

The  behavioral  information  now  avail- 
able strongly  supports  this  generic  classi- 
fication (Evans,  1966).  Stizus  provisions 
with  Orthoptera  (and  rarely,  perhaps,  with 
cicadas,  see  Table  1)  while  Bembecinus 
preys  upon  small  Homoptera  (Cicadoidea 
except  cicadas,  Fulgoroidea,  and,  rarely, 
Psylloidea).  Most,  if  not  all  gory  tine  wasps 
also  employ  homopteran  prey,  and  the  use 
of  such  prey  by  Bembecinus  may  well 
represent  the  retention  of  the  primitive 
prey  preference.  Stizoides,  on  the  other 
hand,  is  a  cleptoparasite  of  sphecids  that 
prey  upon  Orthoptera,  including  the  gen- 
era Palmodes,  Prionyx,  and  Sphex.  Stizus 
and  Bembecinus  further  differ  in  that  the 
former  oviposits  on  the  first  prey  item  in 
each  cell  and  employs  mass  provisioning, 
while  the  latter  oviposits  on  a  mound  of 
soil  in  the  empty  cell  and  practices  pro- 
gressive provisioning. 

Most  recent  authors  have  treated  Sti- 
zus, Stizoides,  and  Bembecinus  as  com- 
prising the  tribe  Stizini  which  is  generally 
regarded  as  being  more  or  less  interme- 
diate between  the  Gorytini  and  the  Bem- 
bicini.  There  can  be  little  doubt  that  the 
Stizini  and  the  Bembicini  are  closely  re- 
lated since  they  uniquely  share  a  number 
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of  clearly  derived  characters,  including: 
1)  forewing  with  basal  vein  reaching  sub- 
costa  far  basad  of  the  pterostigma  so  that 
the  prestigmal  portion  of  the  first  sub- 
marginal  cell  is  longer  than  the  distance 
between  the  marginal  cell  and  the  apex 
of  the  wing;  2)  scutellum  with  a  lamellate 
posterior  border  that  broadly  overlaps  the 
metanotum  which  is  thus  hidden  laterally; 
and  3)  male  tergum  VII  with  basolateral 
spiracular  lobes  (absent  in  the  bembicin 
genera  Bicyrtes  and  Microhembex) .  These 
characters  are  considered  to  be  derived 
because  they  occur  in  no  other  sphecoid 
wasps  including  those  generally  consid- 
ered to  be  most  primitive.  The  only  ex- 
ception is  the  presence  of  well-developed 
spiracular  lobes  in  the  African  genus 
Handlirschia  (Bohart  and  Menke,  1976) 
now  assigned  to  the  Gorytini  but  perhaps 
more  closely  related  to  the  Stizini  than  has 
been  generally  recognized.  The  Stizini  are 
distinguished  from  the  Bembicini  by  the 
presence  of  certain  primitive  characters  in 
the  former,  notably:  1)  labrum  distinctly 
wider  than  long;  2)  ocelli  normal;  and  3) 
midtibia  with  two  spurs  (except  in  some 
Stizoides).  I  have  been  unable  to  find  any 
clearly  derived  characters  that  would 
uniquely  associate  the  Stizini,  and  it  is 
probable  that  this  tribe  should  be  com- 
bined with  the  Bembicini. 

A  few  genera  included  in  the  Gorytini 
bear  a  more  or  less  striking  resemblance 
to  the  Stizini  in  that  they  are  relatively 
large  wasps  of  robust  proportions  with  a 
notably  compact  mesosoma.  In  some  cases, 
as  in  Sphecius,  the  resemblance  extends 
to  such  features  as  a  prominent  and  fully 
exposed  labrum,  very  small  pterostigma, 
and  a  smoothly  curved  episternal-scrobal 
sulcus.  Although  these  are  apparently  de- 
rived characters  in  the  Nyssoninae,  they 
are  known  to  have  arisen  more  than  once 
in  the  Sphecoidea,  and  their  presence  in 
some  Gorytini  and  the  Stizini  may  repre- 
sent parallel  developments  rather  than 
shared  ancestry.  In  any  event,  Sphecius  is 
the  only  gorytin  genus  in  North  America 
that  is  likely  to  be  confused  with  Stizus 


but  can  be  readily  separated  by  the  pres- 
ence of  a  well-defined  omaulus  and  a 
much  shorter  first  submarginal  cell. 

I  have  examined  material  from  the  fol- 
lowing collections  which  are  here  provid- 
ed with  abbreviations  in  order  to  facilitate 
subsequent  reference:  American  Museum 
of  Natural  History  (AMNH),  Bee  Biology 
and  Systematics  Laboratory,  USDA,  Lo- 
gan, Utah  (BBSL),  Los  Angeles  County 
Museum  of  Natural  History  (LACM),  Mu- 
seum of  Comparative  Zoology  (MCZ), 
Philadelphia  Academy  of  Natural  Science 
(PAS),  Texas  A&M  University  (TA&M), 
United  States  National  Museum  (USNM), 
University  of  California  at  Davis  (UCD), 
University  of  California  at  Riverside 
(UCR),  and  my  personal  collection  (JWS). 


Genus  Stizus  Latreille 

Stizus  Latreille,  1802-1803,  Hist,  Nat.  Gen.  Partic. 
Crust.  Ins.  3:  .344.  Type  species:  "Stizus  ruficor- 
nis  Fabr."  [=Larra  ruficornis  of  Fabricius, 
1804,  =  Bembex  ruficornis  Fabricius,  1787,  = 
Vespa  ruficornis  Forster,  1771]  designated  by 
Blanchard,  1846:  pi  121.  Synonymy  after  J.  van 
der  Vecht,  1959,  Ent.  Ber.  19:  68-69;  this  species 
should  be  referred  to  as  Stizus  ruficornis  (For- 
ster) rather  than  Stizus  ruficornis  (Fabricius)  as 
it  has  usually  been  written.  Most  authors,  in- 
cluding Pate,  1937,  have  accepted  Latreille,  1810, 
as  a  type-designation  for  Stizus,  but  see  Bohart 
and  Menke,  1965,  Bull.  zool.  Momencl.  22:  255- 
256  and  Bohart,  1966,  Bull.  zool.  Nomencl.  23: 
7-8. 

1803  Latreille,  Hist.  Nat.  Gen.  Partic.  Crust.  Ins. 
5:  .309. 

1805  Latreille,  Hist.  Nat.  Gen.  Partic.  Crust.  Ins. 
13:  302  (in  part). 

1809  Latreille,  Genera  Crust,  et  Ins.  4:  100  (in 
part). 

1810  Latreille,  Consider,  gener.  p.  321  (in  part). 
1846  Blanchard,  Hymenopteres,  pp.  113-227  (vol. 

13),  pis.   107-129  (vol.   14).   In  G.   Cuvier,   La 

Regne  Animal  etc.  Fortin,  Masson  et  Cie,  Paris. 
1892  Handlirsch,   Sitzber.   k.   Akad.   Wiss.   Wien, 

Math.  -nat.  Classe,  Abt.  1,  101(1):  25-205,  3  pis. 

(in  part). 
1895  Fo.x,  Proc.  Acad.  Nat.  Sci.  Philadelphia  1895: 

264-268  (in  part). 
1897  Kohl,  Ann.  k.  k.  Naturhist.  Hofmus.,  Wien 

11:  269,  421-424,  pis.  VI,  VIII-X  (in  part). 
1897  Bingham,  Fauna  British  India.  Hymenoptera 

1:  276-277  (in  part). 
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1897  Dalla  Torre,  Cat.  Hym.  8:  519-534  (in  part). 
1906  Mercet,  Mem.  Real.  Soc.  Espanola  Hist.  Nat. 

4:  142-158  (in  part). 
1917  Mickel,  Nebraska  Univ.  Studies  17(4);  432- 

435  (in  part). 
1925  Berland,  Faune  de  France  10:  78  (in  part). 
1929  Arnold,  Ann.   Transvaal  Museum    13:   217, 

260-319  (in  part). 
1929  Parker,  Proc.  U.S.  Nat.  Museum  75(5):  5,  9- 

10,  figs.  1,  2,  29. 
1937  Pate,  Mem.  Amer.  Ent.  Soc,  No.  9;  62,  85- 

86. 
1939  Mochi,  Bull.  Soc.  Fouad  1"  d'Ent.  23:  183- 

237  (in  part). 

1942  Dow,  Psyche  48:  171-181. 

1943  Lohrmann,  Mitt.  Munchn.  Ent.  Ges.  33:  189, 
203-205. 

1945  Arnold,  The  Sphecidae  of  Madagascar,  pp. 

68-78  (in  part). 
1951   Krombein,   in  Muesebeck   et  ai,  Hym.   of 

Amer.  North  of  Mexico,  Synoptic  Catalog,  p.  993. 

1954  de  Beaumont,  Rev.  Suisse  Zool.  61(8):  295, 
313. 

1955  Bytinski-Salz,  in  de  Beaumont  and  Bytinski- 
Salz,  Bull.  Res.  Counc.  Israel  B  5:  32-60. 

1966  Evans,  Comparative  Ethology  and  Evolution 

of  the  Sand  Wasps,  pp.  117-118,  figs.  63-68. 
1971  Tsuneki,  Acta.  Zool.  Acad.  Sci.  Hungaricae 

17:  202-207,  figs.  57-83. 
1976  Bohart  and  Menke,  Sphecid  Wasps  of  the 

World,  pp.  53,  525-527. 

1979  Krombein,  in  Krombein  et  ai.  Catalog  of 

Hym.  in  Amer.  North  of  Mexico,  vol.  2,  p.  1702. 

Larra   Fabricius   sensu   Klug,    1845,   Insecta,   decas 

quinta,  pi.  46  and  unnumbered  text  pages,   in 

vol.  2  of  C.  G.  Ehrenberg,  1828-1845,  Symbolae 

physicae,  seu  icones  et  descriptiones  corporum 

novarum  aut  minus  cognitorum,  etc.  4  vol.,  Bar- 

olini,  Reimeri  (in  part). 

Larra  Fabricius  sensn  F.  Smith,   1856,  Cat.   Hym. 

British  Museum  4:  337  (in  part). 
Megastizus  Patton,  1897,  Bull.  U.S.  Geol.  Survey  Terr. 
5:  344-345.   Type  species:   Stizus  brevipennis 
Walsh,  1869,  by  original  designation. 
1887  Cresson,  Synopsis,   Trans.   Amer.   Ent.   Soc. 

Suppl,  pp.  115,  278. 
1899  Ashmead,  Canad.  Ent.  31:  347. 
Stizolarra  Saussure,  1887,  Soc.  Ent.  Zurich  2:  9.  Type 
species:  Sphex  vespiformis  Fabricius,  1775,  des- 
ignated by  Pate,  1937,  p.  62. 
Megalostizus  Schulz,  1906,  Spolia  Hymenopterolo- 
gica  p.  199.  Emendation  of  Megastizus  Patton, 
1879. 

Generic  Diagnosis:  Maxillary  palpi  with 
six  and  labial  palpi  with  four  segments; 
mandible  with  single  inner  subapical  tooth; 
labrum  exposed,  moderately  convex,  ap- 
proximately semicircular  in  outline,  plain- 
ly wider  than  long;  male  antenna  without 


a  projection  on  flagellomere  IX;  inner 
margins  of  compound  eyes  subparallel, 
only  slightly  converging  below;  ocelli  nor- 
mal. Mesopleuron  with  a  smoothly  curved 
episternal-scrobal  sulcus,  precoxal  sulcus 
often  evident,  otherwise  without  ridges  or 
grooves;  scutum  with  oblique  scutal  cari- 
nae;  scutellum  with  lamellate  posterior 
margin  overlapping  metanotum;  scutel- 
lum in  female  often  with  a  median  pu- 
bescent depression;  propodeum  evenly 
rounded  posterolaterally,  not  compressed 
into  ridges,  spiracular  groove  absent. 
Foretarsal  rake  present  in  female;  midti- 
bia  with  two  apical  spurs.  Forewing  with 
three  submarginal  cells,  the  second  not 
petiolate;  basal  vein  arising  before  cubito- 
anal  crossvein,  joining  subcosta  far  basad 
of  pterostigma,  first  submarginal  cell  much 
longer  than  marginal  cell.  Hindwing  me- 
dia arising  far  basad  of  cubito-anal  cross- 
vein;  median  cell  with  two  distal  appen- 
dices. Tergum  VII  of  male  with  large 
lateral  lobes  containing  spiracles;  sternum 
VIII  of  male  with  three  distal  prongs. 

Generic  Description:  This  description 
has  been  prepared  as  a  summary  of  the 
characters  shared  by  the  North  American 
species  and  may  not  apply  in  all  details  to 
members  of  the  Old  World  fauna. 

Male.  Form  robust;  size  large  to  very 
large  (16  to  33  mm),  larger  than  both  Sti- 
zoides  and  Bembecinus. 

Head,  in  facial  view,  wider  than  long 
(greatest  width  versus  median  length  from 
vertex  to  anterior  margin  of  clypeus),  nar- 
rower than  thorax.  Maxillary  palpus  with 
six  and  labial  palpus  with  four  segments; 
mandible  with  a  single  inner  subapical 
tooth;  labrum  exposed,  moderately  con- 
vex, distinctly  wider  than  long;  clypeus 
convex,  wider  than  long,  separated  from 
antennal  sockets  by  more  than  intersock- 
etal  distance.  Supraclypeal  area  convex 
with  apex  of  convexity  near  subantennal 
line;  interantennal  area  with  a  low  medi- 
an ridge,  often  carinate  posteriorly;  supra- 
antennal  area  with  a  longitudinal  median 
depression  that  often  surrounds  the  me- 
dian ocellus,  bordered  above  to  each  side 
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by  more  or  less  distinct  convexities.  An- 
tennae long,  reaching  posterior  face  of 
propodeum,  only  slightly  enlarged  distal- 
ly;  scape  about  twice  as  long  as  greatest 
width;  antenna  with  thirteen  segments, 
flagellomeres  with  or  without  linear  cari- 
nate  tyloids,  without  a  projection  on  fla- 
gellomere  IX.  Compound  eyes  nearly 
reaching  clypeus,  little  separated  from 
base  of  mandible,  inner  margins  subpar- 
allel,  only  slightly  converging  below.  Ocelli 
unmodified;  bulge  present  between  me- 
dian ocellus  and  each  lateral  ocellus  rais- 
ing anterior  margin  of  each  lateral  ocellus 
above  its  posterior  margin. 

Mesosoma  robust,  with  sclerites 
smoothly  confluent;  pronotum  short;  no- 
tauli  usually  not  evident,  occasionally  in- 
dicated by  faint  impressions;  parapsidal 
lines  and  well-separated  admedian  lines 
usually  present  but  often  poorly  devel- 
oped and  sometimes  not  evident;  meso- 
notal  laminae  broad,  each  marked  poste- 
riorly by  oblique  scutal  carina  delimiting 
a  concave  declivity;  metanotum  hidden 
laterally  by  scutellum  but  in  fact  contin- 
uous to  metapleura,  with  a  reflexed  la- 
melliform  process  along  posterior  margin 
of  wing  insertion;  propodeum  rounded 
posterolaterally,  flattened  behind;  meso- 
pleuron  with  well-defined  episternal-scro- 
bal  sulcus  forming  a  smoothly  curved  arc; 
omaulus,  acetabular  carina,  and  sternau- 
lus  absent.  Legs  without  pecten  on  fore- 
tarsi;  midtibia  with  two  apical  spurs;  aro- 
lia  prominent,  extending  to  or  somewhat 
beyond  basal  half  of  claws,  subequal  on 
all  legs.  Forewing  with  pterostigma  small, 
not  as  wide  as  costal  cell;  basal  vein  arising 
basad  of  cubito-anal  crossvein  and  reach- 
ing subcosta  far  basad  of  the  pterostigma; 
first  submarginal  cell  about  twice  as  long 
as  marginal  cell;  second  submarginal  cell 
narrower  anteriorly  but  not  petiolate,  re- 
ceiving both  recurrent  veins.  Hindwing 
with  media  diverging  far  basad  of  cubito- 
anal  crossvein,  median  cell  with  two  distal 
appendices. 

Caster  robust,  with  seven  visible  terga; 
tergum   VII  with  large  spiracular  lobes; 


tergum  VIII  simple,  without  lateral  lobes, 
hidden  beneath  tergum  VII;  sternum  I 
with  a  prominent  longitudinal  carina  ba- 
sally;  sternum  VII  exposed,  centrally 
sclerotized  with  a  membranous  border; 
sternum  VIII  stout,  with  three  strong  dis- 
tal prongs;  genitalia  with  digitus  much  ex- 
ceeding cuspis. 

Puncturation  similar  in  all  North 
American  species;  distinctly  punctate  un- 
der low  magnification,  upper  frons  and 
mesosoma  (especially  propodeum)  rather 
coarsely  so;  labrum,  clypeus,  supraclypeal 
area,  occiput,  pronotum,  and  gaster  very 
finely  punctate. 

Vestiture  consisting  of  scattered  to 
rather  dense  long  hairs;  appressed  pubes- 
cence also  present  over  much  of  body  in 
some  species  and  in  others  restricted  to 
legs,  tegulae,  sclerites  at  base  of  wing,  and 
larger  veins. 

Coloration  variable,  ranging  from 
mostly  black  with  yellow  markings,  as  in 
S.  brevipennis,  to  mostly  yellow  with  fer- 
ruginous and  black  markings,  as  in  S.  iri- 
dis;  the  other  North  American  species  ex- 
hibit various  combinations  of  black, 
ferruginous,  and  yellow. 

Female.  Similar  to  male;  antenna  with 
twelve  segments;  scutellum  often  with  a 
median  pubescent  depression  (poorly  de- 
veloped or  absent  in  members  of  the  brev- 
ipennis group);  foretarsal  rake  well  de- 
veloped, forebasitarsus  with  six  stout  apical 
bristles;  gaster  with  six  visible  terga,  with 
or  without  a  well-defined  pygidial  area  on 
tergum  VI. 

Larva.  Evans  (1964,  pp.  255-257,  pi. 
11,  figs.  26-30)  has  described  the  larva  of 
Stizus  pulcherrimus  (Smith)  from  por- 
tions of  a  cast  larval  skin  extracted  from 
a  cocoon.  Apparently,  no  other  informa- 
tion is  available  on  the  larval  morphology 
of  Stizus.  According  to  Evans,  the  larva 
may  be  briefly  characterized  as  follows: 
Sides  of  apical  margin  of  labrum  with  only 
some  weak,  barely  protruding  bristles;  oral 
surface  of  prementum  papillose;  spinules 
in  median  portion  of  epipharynx  directed 
basad,  the  sides  of  the  epipharynx  par- 
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Table  1.    Prey  records  for  species  of  Stizus. 


9. 


Species  and  n<ites 


Prev 


Source 


atrox  Smith 

{=pentheres  Handlirsch) 
South  Africa 

berlandi  Arnold 

Madagascar;  unspecified 

number  of  females  taken 

with  prey 
brevipejinis  Walsh 

Kansas;  single  female 

observed  hunting 

chrysorrheous  Handlirsch 
South  Africa 

dewitzii  Handlirsch 
South  Africa 

fasciattis  (Fabricius) 
Corsica 


fasciatus  (Fabricius) 
Spain 

fasciatus  (Fabricius) 
Israel;  aggregation  of 
more  than  100  nests  with 
females  carrying  stated 
prey 

fuscatus  Morice 

Libya;  single  female 
taken  with  prey 

imperialis  Handlirsch 
South  Africa 

iridis  Dow 

Utah;  two  nests  excavated 


10.  marshalli  Turner 

Zimbabwe 
(Southern  Rhodesia) 

11.  pw/c/i^rnmus  (Smith) 

Japan 

ptilcherrimtis  (Smith) 

East  Mongolia;  single  nest 
studied 

pulcherrimus  (Smith) 

Korea;  15  nests  excavated 
containing  118  prey  items, 
the  most  detailed  behavioral 
study  yet  to  appear 


Orthoptera  nymphs 


Acrididae  ? 
"various  species  of  grasshoppers' 


Tettigoniidae 
Conocephalus  sp.  (=Xiphidium  sp. 

Orthoptera  nymphs 

Orthoptera  nymphs 

Acrididae 
Acridinae 

Chorthippus  bicolor  Charp. 
Calliptaminae 

Calliptanius  italicus  Linn. 
Cyrtacanthacridinae 

Pezotettix  giornae  Rossi 

Acrididae 
Acridinae 
Stauroderus  vagans  Eversman 

Acrididae 
Calliptaminae 
Calliptamus  sp. 


Acrididae 
"3d  instar  desert  locust";  pre- 
sumably Schistocerca  gregaria 
Forskal  (Cyrtacantharidinae) 

Acrididae  (mostly) 

Acrididae 
Oedipodinae 

Trimerotropis  pallidipennis 

(Burmeister) 

Trimerotropis  sparsa  (Thomas) 

Mantidae 


Acrididae 
Acridinae 
Aiolopus  tamulus  Fab. 

Acrididae 
Acridinae 
Chorthippus  dubius  Zub. 

Acrididae 
Acridinae 
Acrida  lata  Motschulsky 
Aiolopus  tamulus  Fab. 
Parapleurus  alliaceus  Germar 
Stauroderus  schmidti  Ikonnikov 


Brauns,  1911 
Arnold,  1945 

Williams,  1914 

Brauns,  1911 

Brauns,  1911 

Ferton  1899,  1902a,b 
1909 


Bernard,  1934 


Bytinski-Salz,  1955 


de  Beaumont,  1956 

Brauns,  1911 
Dow,  1976 


Dow,  1935 
Katayama,  1933 
Tsuneki,  1943a,  1965 
Tsuneki,  1943b,  1965 
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Table  1.    Continued. 


Species  and  notes 


Prev 


Source 


12.  rufescens  (Smith) 

India;  single  female 
observed  with  prey,  a 
questionable  record 

13.  riificornis  (Forster) 

(=riificornis  Fabricius) 
France 

ruficornis  (Forster) 
{=distinguendus  Handl.) 
La  Camargue,  France; 
several  nests  studied 


Oedipodinae 

Trilophidia  annulata  Thunberg 
Cyrtacanthacridinae 
Sp.  near  Oxya  vicina  Brunner 
Tettigoniidae 
Conocephalinae 
Conocephalus  maculatus  Zub. 
"small  cicada" 


Mantidae 

Mantis  religiose  Linn,  and  other 

mantids 
Mantidae 

Mantis  religiose  Linn. 

Empusa  egena 


Bingham,  1897 

Fabre,  1886 
Deleurance,  1941 


tially  pigmented;  mandibles  tridentate, 
middle  tooth  very  large,  blunt,  and  close 
to  the  apical  tooth;  body  with  restricted 
transverse  rows  of  large,  darkly  pigment- 
ed spines.  Evans  further  notes  that  the  ar- 
rangement of  the  median  epipharyngeal 
spinules  and  the  presence  of  a  stout  preap- 
ical  tooth  on  the  mandible  set  Stizus  apart 
from  all  other  nyssonines  and  are  sugges- 
tive of  similar  structures  in  the  Sphecinae. 
He  suggests  that  this  unexpected  resem- 
blance may  be  associated  with  the  use  of 
orthopteran  prey  in  both  Stizus  and  many 
sphecines. 

Distribution:  Stizus  is  widely  distrib- 
uted in  the  Ethiopian,  Palearctic,  and 
Nearctic  Regions  but  is  apparently  absent 
from  the  New  World  south  of  central 
Mexico,  Southeast  Asia,  Australia,  and  the 
islands  of  Oceania.  Of  the  more  than  120 
species  currently  recognized  in  Stizus,  only 
five  are  known  from  North  America  where 
they  are  largely  restricted  to  arid  or  semi- 
arid  regions,  the  principal  exception  being 
S.  brevipennis  which  is  widely  distributed 
in  the  Austral  Zone  east  of  the  Rocky 
Mountains.  The  other  North  American 
species  are  restricted  to  the  western  half 
of  the  continent. 

Behavior:    Behavioral    information    on 


Stizus  is  very  limited.  Only  the  East  Asian 
S.  pulcherrimus  (Smith)  has  been  studied 
in  some  detail  (Tsuneki,  1943a,b,  1965). 
Dow  (1976)  has  provided  the  only  report 
on  the  nesting  behavior  of  a  North  Amer- 
ican species.  Evans  (1966)  has  thoroughly 
reviewed  the  behavioral  literature  on  Sti- 
zus. To  judge  from  existing  accounts,  the 
nesting  behavior  of  Stizus  may  be  briefly 
summarized  as  follows.  The  nests  are  con- 
structed in  the  ground  and  consist  of  a 
main  burrow  ending  in  one  or  more  brood 
cells.  Often  a  number  of  females  will  nest 
in  close  proximity  and  such  nesting  aggre- 
gations are  sometimes  quite  large;  Bytin- 
ski-Salz  (1955)  has  reported  an  aggrega- 
tion of  more  than  100  nests  of  S.  fasciatus 
in  Israel.  The  nest  entrance  is  closed  when 
the  wasp  is  away,  and  false  burrows,  which 
are  thought  to  deter  parasites,  are  some- 
times constructed  near  the  true  nest  en- 
trance (Tsuneki,  1965).  The  egg  is  laid  on 
the  first  prey  item  before  the  rest  of  the 
prey  are  brought  in,  and  the  larva  may 
reach  a  considerable  size  before  provision- 
ing is  completed  (Tsuneki,  1965).  Such 
provisioning  behavior  may  be  viewed  as 
transitional  between  mass  provisioning  and 
true  progressive  provisioning.  Miltogram- 
mine   sarcophagids,    rhipiphorid   beetles, 
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and  mutillid  wasps  are  reported  parasites 
(Evans,  1966).  In  all  certain  cases,  Stizus 
has  been  found  to  use  orthopteran  prey; 
grasshoppers,  katydids,  and  mantids  have 
all  been  reported.  Bingham  (1897:  277) 
reported,  however,  that  he  observed  a  fe- 
male of  S.  rufescens  (Smith)  with  a  small 
cicada,  but,  in  view  of  the  other  evidence, 
this  record  must  be  considered  doubtful 
and  in  need  of  confirmation.  One  might 
suppose  that  Bingham  actually  saw  a 
member  of  the  superficially  similar  genus 
Sphecius  which  is  well  known  to  hunt  ci- 
cadas, but  Bohart  and  Menke  (1976)  do 
not  list  any  Sphecius  from  India  where 
Bingham  made  his  observation.  Table  1 
lists  all  the  prey  records  for  Stizus  that 
have  come  to  my  attention  and  can  serve 
as  a  guide  to  the  literature  on  the  biology 
of  Stizus. 

Species  Groups:  Four  species  groups  are 
currently  recognized  in  Stizus,  the  fascia- 
tus,  ruficornis,  brevipennis,  and  scolae- 
jormis  groups.  The  first  three  date  from 
the  world  monograph  of  Handlirsch  (1892) 
which  treated  Stizus  in  a  very  broad  sense 
including  two  segregates  now  considered 
to  have  generic  status,  Stizoides  Guerin- 
Meneville  (corresponding  to  the  triden- 
tatus  group)  and  Bembecinus  A.  Costa 
(including  the  nine  other  species  groups 
recognized  by  Handlirsch).  The  monotyp- 
ic  scolaeformis  group  was  erected  by  Ar- 
nold (1929)  for  the  peculiar  African  species 
of  that  name.  The  fasciatus  group  is  re- 
stricted to  Africa  and  Eurasia;  the  rufi- 
cornis group  also  occurs  in  Africa  and 
Eurasia  but  includes  two  North  American 
species,  and  the  brevipennis  group  occurs 
only  in  North  America. 

The  fasciatus  group  is  by  far  the  largest 
and  includes  more  than  two  thirds  of  the 
known  species.  Most  of  the  remaining 
species  belong  to  the  ruficornis  group, 
which  takes  its  name  from  the  type  species 
of  the  genus.  The  principal  difference  be- 
tween these  groups  is  the  presence  of  a 
well-defined,  median,  pubescent  depres- 
sion on  the  female  scutellum  in  the  rufi- 
cornis group  but  not  the  fasciatus  group. 


Handlirsch  (1892)  also  noted  that  the  first 
intercubital  vein  is  straight  in  the  ruficor- 
nis group  but  somewhat  curved  with  the 
convexity  toward  the  apex  of  the  wing  in 
the  fasciatus  group.  This  venational  dif- 
ference, however,  is  slight  at  best,  and  its 
value  as  a  distinguishing  character  has 
been  questioned  by  Arnold  (1929)  and 
Lohrmann  (1943),  who  noted  that  males 
cannot  be  reliably  assigned  to  one  group 
or  the  other  in  the  absence  of  the  associ- 
ated females.  The  close  similarity  be- 
tween the  fasciatus  and  ruficornis  groups 
has  been  noted  by  several  authors,  and 
Lohrmann  (1943)  pointed  out  that  a 
weakly  developed  scutellar  pit  is  present 
in  several  species  generally  assigned  to  the 
fasciatus  group.  He  considered  it  likely 
that  the  ruficornis  group  is  a  polyphyletic 
derivative  of  the  fasciatus  group.  These 
two  groups  taken  together  include  more 
than  95%  of  the  species  currently  recog- 
nized in  Stizus,  and  it  is  to  be  hoped  that 
a  more  solid  basis  for  subdividing  this  large 
complex  will  eventually  be  discovered. 

The  other  two  species  groups  are  clear- 
ly distinct  but  include  very  few  species. 
Handlirsch  (1892)  recognized  the  brevi- 
pennis group  on  the  basis  of  distinctive 
features  of  the  male  gaster.  The  relatively 
narrow  sternum  VIII  with  strongly  down- 
curved  prongs  and  the  pointed  apical  pro- 
jections on  the  digitus  are  apparently 
unique  to  this  group.  Handlirsch  (1892) 
and  Lohrmann  (1943)  considered  the 
brevipennis  group  to  be  closely  allied  to 
the  fasciatus  group,  but  this  conclusion  is 
based  on  the  fact  that  both  groups  retain 
certain  primitive  characters  that  provide 
little  evidence  for  a  close  relationship.  The 
principal  similarities  are:  1)  female  scu- 
tellar pit  absent  or  at  most  only  weakly 
developed  in  both  groups,  and  2)  a  well- 
defined  pygidial  plate  bordered  by  cari- 
nae  present  in  the  brevipennis  group  and 
some  members  of  the  fasciatus  group.  As 
noted  below,  the  fasciatus  group  shares 
several  derived  characters  with  the  rufi- 
cornis group,  and  there  would  seem  to  be 
little  doubt  that  these  groups  are  more 
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Figure  1.    Apical  enlargement  of  aedeagus  in  ventral  view  showing  rows  of  minute  teeth.  A. 
occldentalis  Parker. 


Stizus  Iridis  Dow.  B.  Stizus 


closely  related  to  each  other  than  either 
one  is  to  the  brevipennis  group.  The  sco- 
laeformis  group  includes  only  a  single  un- 
usual species  that  could  be  viewed  as  rep- 
resenting a  separate  subgenus  as  noted  by 
Arnold  (1929).  This  species  possesses  a  fe- 
male scutellar  pit  as  in  the  ruficornis 
group,  a  well-marked  female  pygidial 
plate  as  in  the  brevipennis  group  and  some 
members  of  the  fasciatus  group,  a  carina 
to  each  side  of  the  median  carina  on  ster- 
num I  as  in  some  Stizoides,  and  differs 
from  all  other  species  in  having  a  much 
lengthened  pronotum  with  an  oblique  an- 
terior face  instead  of  a  shorter  pronotum 
forming  a  discoid  collar. 

The  North  American  Stizus  represent 
two  well-defined  groups,  the  strictly 
Nearctic  brevipennis  group  including  S. 
brevipennis,  S.  texanus,  and  S.  aztecus  and 
the  mostly  Old  World  ruficornis  group  in- 


cluding S.  occidentalis  and  S.  iridis.  Se- 
lected characters  serving  to  distinguish  the 
two  groups  are  listed  in  Table  2.  Several 
of  the  cited  characters  have  not  been  not- 
ed by  previous  authors,  and  their  distri- 
bution in  the  Old  World  species  remains 
to  be  determined.  It  should  be  noted, 
however,  that  some  of  the  characters  cited 
for  the  North  American  species  of  the 
ruficornis  group  also  occur  in  at  least  some 
members  of  the  Old  World  fasciatus 
group.  Flagellar  tyloids,  a  broad  and  flat 
sternum  VIII,  and  an  evenly  rounded  dig- 
itus, for  example,  occur  in  both  groups 
(see  figs,  in  Mochi,  1939).  Similarly,  my 
dissections  have  revealed  the  presence  of 
a  carina  on  the  inner  surface  of  sternum 
VII  in  males  of  S.  imperialis,  S.  marthae 
(=cheops),  and  S.  vespiformis  of  the  fas- 
ciatus group  as  well  as  S.  combustus  (=fu- 
liginosus),  and  S.  ruficornis  of  the  rufi- 
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Table  2.    Species  group  characters  in  North  American  Stizus. 


brevipeunU  group 


rujicornis  group 
(North  American  species) 


1.  Head  in  facial  view  with  vertex  convex,  later- 

al ocelli  not  projecting  above  vertex. 

2.  Male  antenna  without  tyloids. 

3.  Female  scutellum  with  median  pubescent 

depression  poorly  developed  or  absent. 

4.  Lower  posterior  face  of  propodeum  with  a 

pair  of  carinae  extending  upward  from  the 
submarginal  sulcus. 

5.  Female  tergum  VI  with  a  well-defined  pygidi- 

al  plate  bordered  by  carinae. 

6.  Male  sternum  VII  without  a  carina  on  inner 

surface. 

7.  Male  sternum  VIII  narrow  with  lateral  prongs 

strongly  downcurved. 

8.  Male  genitalia  with  digitus  produced  into 

pointed  projections  distally. 

9.  Apical  portion  of  aedeagus  without  minute 

teeth. 

10.    Appressed  pubescence  generally  distributed 
over  body. 


1.  Head  in  facial  view  with  vertex  nearly  straight, 

lateral  ocelli  projecting  above  vertex. 

2.  Male  antenna  with  tyloids  on  some  flagello- 

meres. 

3.  Female  scutellum  with  well-defined  median  pu- 

bescent depression. 

4.  Lower  posterior  face  of  propodeum  without  a 

pair  of  carinae. 

5.  Female  tergum  VI  without  a  pygidial  plate. 

6.  Male  sternum  VII  with  a  longitudinal  carina  on 

inner  surface. 

7.  Male  sternum  VIII  broad  with  lateral  prongs 

nearly  straight. 

8.  Male  genitalia  with  digitus  evenly  rounded  dis- 

tally. 

9.  Apical  portion  of  genitalia  with  minute  teeth  on 

ventral  margin  as  shown  in  Figure  1. 

10.    Appressed  pubescence  restricted  to  legs,  larger 
veins,  and  sclerites  base  of  wings. 


cornis  group.  These  shared  characters 
further  emphasize  the  similarity  of  the 
fasciatus  and  rujicornis  groups  and  reveal 
the  distinctive  nature  of  the  brevipennis 
group.  Indeed,  there  would  seem  to  be 
sufficient  grounds  for  treating  the  brevi- 
pennis group  as  a  separate  subgenus  for 
which  the  name  Megastizus  Patton  is 
available,  but  I  hesitate  to  do  so  without 
examining  more  Old  World  material. 

In  any  event,  the  North  American  Sti- 
zus represent  two  distinct  lineages  that 
may  well  date  from  early  in  the  diversi- 
fication of  the  genus.  The  rujicornis  group 
would  seem  to  be  more  advanced  as  evi- 
denced by  such  apparently  derived  char- 
acters as  flagellar  tyloids,  well-marked  fe- 
male scutellar  pit,  absence  of  a  pygidial 
plate,  longitudinal  carina  on  male  ster- 
num VII,  and  minute  teeth  on  the  aedea- 
gus. Most  of  these  are  also  present  in  the 
fasciatus  group,  and  it  may  well  be  that 
the  brevipennis  group  represents  the  most 
generalized  living  Stizus,  although  the  Old 
World    fauna    must    be   examined    more 


thoroughly  before  this  can  be  said  with 
confidence.  It  is  very  likely  that  the  North 
American  species  of  the  rujicornis  group 
represent  a  relatively  recent  invasion  from 
Eurasia,  presumably  by  way  of  the  Ber- 
ingian  connection.  The  brevipennis  group, 
on  the  other  hand,  has  probably  been  in 
North  America  for  a  much  longer  time 
and  may  date  from  before  the  separation 
of  North  America  and  Europe  during  the 
Eocene.  Unfortunately,  no  fossil  Stizus 
have  yet  been  discovered. 


Key  to  the  North  American 
Species  of  Stizus 

1.  Males;  antenna  with  11  flagellomeres;  gaster 

with  7  visible  terga  2 

Females;  antenna  with  10  flagellomeres;  gas- 
ter with  6  visible  terga  6 

2.  Flagellomeres  without  tyloids;  sternum   VII 

without  carina  on  inner  surface;  sternum 
VIII  (Figs.  2,  3  and  4)  relatively  narrow 
with  lateral  prongs  strongly  downcurved. 

{brevipennis  group) 3 

Flagellomeres  VII  and  VIII  with  linear  cari- 
nate  tyloids;  sternum   VII  with  a  median 


Figure  2.     Stizus  brevipennis  Walsh.  Male  genitalia  in  A.  dorsal,  B.  ventral,  and  C.  lateral  views;  D.  male  sternum  VIII,  ventral 
view. 
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longitudinal  carina  on  inner  surface;  ster- 
num VIII  (Figs.  5  and  6)  relatively  broad 
with  lateral  prongs  nearly  straight,  {rufi- 
cornis  group ) 5 

3.  Anterior  margin  of  clypeus  tri-emarginate,  the 

median  emargination  very  shallow;  tergum 

VII  broadly  rounded  posteriorly,  without  a 
median  emargination;  sternum  VI  deeply 
emarginate  apically;  sternum  VII  with 
heavily  sclerotized  portion  narrowly  trian- 
gular, tapering  to  a  point  apically;  sternum 

VIII  with  median  prong  subparallel  basally 
(Fig.  2)  brevipennis  Walsh 

Anterior  margin  of  clypeus  evenly  rounded; 
tergum  VII  abruptly  narrowed  and  flat- 
tened posteriorly  with  a  small  median 
emargination;  sternum  VI  shallowly  emar- 
ginate apically;  sternum  VII  with  heavily 
sclerotized  portion  truncate  and  shallowly 
emarginate  apically;  sternum  VIII  with 
median  prong  broadly  triangular,  not  sub- 
parallel  basally  5 

4.  Genitalia  (Fig.  3)  relatively  slender  with  lon- 

gitudinal axis  almost  perpendicular  to  basal 
margin  in  lateral  view;  apical  enlargement 
of  aedeagus  narrower  than  distance  from 
tip  to  tip  of  the  two  pointed  projections  at 

the  apex  of  each  digitus  texanus  Cresson 

Genitalia  (Fig.  4)  more  robust  with  longitu- 
dinal axis  oblique  to  basal  margin  in  lateral 
view;  apical  enlargement  of  aedeagus 
wider  than  distance  from  tip  to  tip  of  the 
two  pointed  projections  at  the  apex  of  each 
digitus aztecus  new  species 

5.  Distinct  tyloids  present  on  flagellomeres  V  to 

IX;  posterior  margin  of  clypeus  nearly 
straight;  sides  of  first  tergum  slightly  con- 
vex in  dorsal  view;  mesopleura,  metapleu- 
ra,  and  propodeum  mostly  or  entirely  black 

occidentalis  Parker 

Distinct  tyloids  present  on  flagellomeres  IV  to 
XI;  posterior  margin  of  clypeus  slightly  but 
distinctly  emarginate;  sides  of  first  tergum 
concave  in  dorsal  view;  mesopleura  (except 
ventrally),  metapleura,  and  propodeum  al- 
most entirely  yellow  iridis  Dow 

6.  Head  in  facial  view  with  vertex  convex,  lat- 

eral ocelli  not  projecting  above  vertex;  ter- 
gum VI  with  a  well-defined  pygidial  plate 
bordered  by  carinae;  appressed  pubescence 

widely  distributed  {brevipennis  group) 7 

Head  in  facial  view  with  vertex  nearly 
straight,  lateral  ocelli  projecting  above  ver- 
tex; tergum  VI  without  a  well-defined  py- 
gidial plate;  appressed  pubescence  restrict- 
ed to  legs,  larger  veins,  and  axillary  sclerites 
( ruficornis  group) 9 

7.  Anterior  margin  of  clypeus  with  a  broad,  me- 

dially angulate  emargination;  lower  mar- 
gins of  tergum  VI  strongly  sinuous  in  lat- 
eral view  brevipennis  Walsh 


Anterior  margin  of  clypeus  with  a  shallow, 
rounded  emargination;  lower  margins  of 
tergum  VI  with  basal  three  quarters  nearly 
straight  in  lateral  view  8 

8.  Scutellum  and  metanotum  marked  with  yel- 

low, often  extensively  so  texanus  Cresson 

Scutellum  and  metanotum  entirely  ferrugi- 
nous without  yellow  maculations 

aztecus  new  species 

9.  Posterior  margin  of  clypeus  nearly  straight; 

sides  of  tergum  I  slightly  convex  in  dorsal 
view;  mesopleura,  metapleura,  and  propo- 
deum mostly  or  entirely  black  

occiden talis  Parker 

Posterior  margin  of  clypeus  shallowly  emar- 
ginate; sides  of  tergum  I  concave  in  dorsal 
view;  mesopleura  (except  ventrally),  meta- 
pleura, and  propodeum  almost  entirely  yel- 
low     iridis  Dow 


Stizus  brevipennis  Walsh 

1869  Stizus  brevipennis  Walsh,  Amer.  Entomologist 

1(8):  162.  S. 
1875  Larra  brendeli  Taschenberg,  Zeitschr.  f .  d.  Ges. 

Naturwiss.  45:  361.  3. 

1879  Megastizus  brevipennis  (Walsh).  Patton,  Bull. 
U.S.  Geol.  Terr.  5:  345.  <52. 

1880  Megastizus  brevipennis  (Walsh).  Taschenberg, 
Zeitschr.  f.  d.  Ges.  Naturwiss.  53:  779. 

1887  Megastizus  brevipennis  (Walsh).  Cresson,  Syn- 
opsis, Trans.  Amer.  Ent.  Soc,  Supp.,  p.  278  (in 
part). 

1892  Stizus  brevipennis  Walsh.  Handlirsch,  Sitzber. 
k.  Akad.  Wiss.  Wien,  Math.-nat.  Cl.,  Abt.  1,  101(1): 
174,  pi.  1,  fig.  13,  pi.  2,  fig.  28,  pi.  3,  fig.  15.  S9. 

1895  Stizus  brevipennis  Walsh.  Fox,  Proc.  Acad.  Nat. 
Sci.  Philadelphia  1895:  266-268.  52. 

1908  Stizus  (Megastizus)  brevipennis  Walsh.  John- 
son and  Rohwer,  Ent.  News  19(8):  374. 

1917  Stizus  brevipennis  Walsh.  Mickel,  Univ.  Ne- 
braska Studies  17(4):  117. 

1941  Megastizus  brevipennis  (Walsh).  Snodgrass, 
Smiths.  Misc.  Coll.  99(14):  pi.  19,  figs.  A-G.  Male 
genitalia. 

1942  Stizus  brevipennis  Walsh.  Dow,  Psyche  48: 
176-178,  180-181  (key),  fig.  6. 

1965  Stizus  brevipennis  Walsh.  Chandler,  Proc.  In- 
diana Acad.  Sci.  75:  142. 

1966  Stizus  brevipennis  Walsh.  Evans,  Comp.  Ethol. 
Evol.  Sand  Wasps,  p.  117,  figs.  63-68. 

1976  Stizus  brevipennis  Walsh.  Bohart  and  Menke, 
Sphecid  Wasps  of  the  World,  pp.  524-526,  fig. 
180K. 

Male:  Length  26  to  31  mm. 

Structure.  Head  in  facial  view  with  lat- 
eral ocelli  not  projecting  above  the  round- 
ed vertex.  Clypeus  with  apical  margin  tri- 


Genus  Stizus  Latreille  •  Stubblefield        409 


emarginate,  the  median  emargination  very  pleura),  and  anterior  face  of  tergum   I, 

shallow;  supraclypeal  area  relatively  long,  sparse  on  genae,  pronotum,  and  sterna, 

width/length  about  2.34  (width  measured  virtually  absent  from  terga.  Wings  dense- 

between  compound  eyes  at  lower  margin  ly  clothed  with  erect  setae,  gradually  re- 

of  antennal  sockets,  length  measured  along  placed  with  short  appressed  pubescence 

midline  from  posterior  margin  of  clypeus  basally  and  toward  anterior  margin;  larg- 

to  lower  margin  of  antennal  sockets);  me-  er  veins  with  short  appressed  pubescence, 

dian  frontal  depression  surrounding  mi-  Color.  Black  marked  with  pale  yellow 

docellus.  Flagellum  without  tyloids;  apical  and  ferruginous. 

flagellomere  distinctly  emarginate  within.  Head  mostly  black,  sometimes  partly 

Mandible    with    a    prominent    subapical  replaced  with  ferruginous  especially  on  the 

tooth  set  off  by  a  distinct  notch,  closer  to  vertex   and    occiput    in    specimens   from 

apex  than  in  S.  texaniis;  ridge  extending  more  western  localities;  labrum  and  clyp- 

basad  along  inner  surface  from  subapical  eus  pale  yellow  bordered  apically  with  a 

tooth  distinctly  convex  in  anterior  view  of  narrow  band  of  ferruginous;  supra-clypeal 

spread  mandibles.  area  and  inner  orbits  to  level  of  anterior 

Mesosoma  in  dorsal  view  similar  to  S.  ocellus  pale  yellow  except  for  a  black  line 

texanus,  not  as  robust  as  in  S.  aztecus;  along  posterior  margin  of  clypeus,  dark 

width  across  pronotal  lobes  5  to  7  mm,  extensions    upward    from    tentorial    pits 

typically  about  6.5  mm;  scutum  with  no-  sometimes  present;  narrow  postorbital 

tauli  present  as  indistinct,  faint  impres-  stripe  pale  yellow.  Palpi  and  galeae  pale 

sions;  admedian  lines  present  as  simple  yellowish  ferruginous;  mandible  dark  api- 

impressed  lines;  parapsidal  lines  present,  cally  and  basally,  shading  to  yellow  on 

not  carinate  and  not  extending  to  the  pos-  outer  surface.   Scape   yellow   below   and 

terior  margin;  scutal  laminae  with  poste-  black  shading  to  ferruginous  above;  ped- 

rior  margin  behind  oblique  scutal  carina  icel  and  basal  half  of  flagellomere  I  fer- 

produced  into  a  distinct  lobe;  lower  pos-  ruginous,  darker  above  and  paler  or  even 

terior  face  of  propodeum  with  a  pair  of  yellowish    below;    flagellomere   II    some- 

carinae  extending  upward  from  submar-  times  ferruginous  basally  on  lower  sur- 

ginal  sulcus.  Length  of  forewing  15.5  to  face;  apical  flagellomere  orange  apically 

19.5  mm,  typically  about  17.5  mm.  and  on  ventral  surface;  penultimate  Hag- 

Gaster   robust;   tergum    VII   narrowed  ellomere  sometimes  orange  except  basal- 

posteriorly,  apex  evenly  rounded;  spirac-  ly;  the  remainder  of  flagellum   fuscous, 

ular  lobes  broad,  about  twice  as  long  as  sometimes  shading  to  a  hint  of  ferrugi- 

wide,  broadly  triangular  at  apex.  Sternum  nous  ventrally  at  apex  of  some  flagello- 

VI  deeply  emarginate  apically;  sternum  meres,  sometimes  more  extensively  fer- 

VII  with  heavily  sclerotized  portion  nar-  ruginous  in  western  specimens. 

rowly    triangular,    tapering    to    a    point,  Mesosoma  mostly  black,  sometimes 

without  carina  on  inner  surface;  sternum  more  or  less  extensively  replaced  with  fer- 

VIII  as  shown  in  Figure  2,  narrow,  me-  ruginous  in  western  specimens  especially 
dian  prong  arched  downward  with  sides  on  pronotum,  mesopleura  above,  scutel- 
subparallel  basally.  Genitalia  as  shown  in  lum,  and  propodeum;  pronotum  with  pale 
Figure  2,  cupsides  hairy.  yellow  dorsal  margin  which  is  often  wider 

Vestiture.  Short  appressed  pubescence  to  each  side  and  sometimes  shades  to  fer- 
generally  distributed  over  body;  suberect  ruginous  anteriorly;  distal  half  of  pronotal 
pale  hairs  also  present,  densest  and  most  lobes  pale  yellow;  scutum  laterally,  tegu- 
conspicuous  on  upper  clypeus,  lateral  lae,  and  base  of  wings  ferruginous,  some- 
margins  of  frons,  vertex,  occiput,  meso-  times  tending  to  yellow;  scutal  disk  usu- 
soma  generally  (longer  on  propodeum  and  ally  black  but  sometimes  partly  replaced 
lower  lateral  and  ventral  portions  of  meso-  with   ferruginous   in   western   specimens; 
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scutellum  with  or  without  lateral  pale  yel-  Type.  Walsh  (1869)  gave  no  indication 
low  spots;  metanotum  with  a  yellow  band,  of  the  location  of  the  type  specimen,  and 
Wings  subhyaline,  lightly  suffused  with  we  are  left  to  assume  that  it  remained  in 
amber  which  tends  to  be  darker  along  the  his  personal  collection.  Walsh  died  shortly 
second  recurrent  vein;  veins  of  both  wings  after  describing  Stizus  brevipennis  and 
ferruginous  except  for  the  costal  vein  of  there  is  a  short  notice  in  the  American 
the  forewing  and  the  veins  surrounding  Entomologist  (1870,  2(9):  275)  to  the  ef- 
the  marginal  cell  which  tend  to  be  darker,  feet  that  his  collection  was  posthumously 
almost  brown.  Legs  mostly  yellow,  more  sold  to  the  State  of  Illinois  and  that  it  was 
or  less  suffused  with  ferruginous;  coxae,  "temporarily  deposited"  in  the  museum 
trochanters,  and  femora  basally  black,  of  the  Chicago  Academy  of  Sciences.  A 
sometimes  largely  replaced  with  ferrugi-  historical  sketch  of  the  Academy  pub- 
nous  in  western  specimens;  femora  fer-  lished  in  1877  cites  the  Walsh  Collection 
ruginous  with  ventral  surface  more  or  less  of  Insects  as  one  of  a  number  of  collections 
yellow.  destroyed  by  the  Chicago  fire  of  October 

Gaster  mostly  black,  sometimes  partly  9,   1871.   Dr.   Henry  S.   Dybas   (personal 

replaced  with  ferruginous  in   western  communication)  has  not  been  able  to  lo- 

specimens,  especially  on  terga  I  and  II;  cate  any  Stizus  in  the  holdings  of  the  Field 

first  four  terga  with  pale  yellow  lateral  Museum  of  Natural  History,  the  probable 

spots,  those  on  terga  I  and  II  widely  sep-  location  of  any  existing  remnants  of  the 

arated  medially  and  rounded,  subquad-  original  Chicago  Academy  collections.  It 

rate,  or  slightly  oblong,  those  on  terga  III  can  be  safely  assumed  that  the  type  of 

and  IV  only  narrowly  separated  medially  Stizus  brevipennis  no  longer  exists, 

or  continuous,  much  elongate.   Sterna  Type  Locality:  "One  taken  in  summer 

mostly  black,  sometimes  partly  replaced  on  wild  parsnip  flowers  near  Rock  Island, 

with    ferruginous    especially    in    western  111."  (Walsh,  1869:  162). 

specimens;  sternum  II  sometimes  with  a  Distribution:     Stizus     brevipennis     is 

pair  of  small,  widely  separated,  pale  yel-  widely  distributed  in  the  eastern  United 

low  spots;  sterna  III  and  IV  with  a  pair  of  States.  In  addition  to  the  records  cited  be- 

subtriangular,  pale  yellow,  lateral  spots  of  low,  this  species  is  known  to  occur  in  North 

variable  size;  sternum  VIII  straw-colored.  Carolina    (Brimley,    1938)    and    Indiana 

Genitalia  ferruginous.  (Chandler,  1954).  Collection  dates  range 

Female:  Similar  to  male;  length  22  to  from  June  12  to  September  3.  Published 

33  mm.  floral  records  include  only  Walsh's  (1869) 

Structure.  As  in  male,  aside  from  the  report  that  the  holotype  was  taken  at  flow- 
usual  sexual  differences  and  the  following  ers  of  "wild  parsnip"  and  the  report  of 
exceptions:  clypeus  with  a  shallowly  V-  Evans  (1966:  125)  that  he  has  taken  S. 
shaped  emargination  apically;  apical  fla-  brevipennis  at  flowers  of  Melilotus  and 
gellomere  curved  but  not  distinctly  emar-  Euphorbia  in  Kansas.  Records  taken  from 
ginate  within;  parapsidal  lines  sometimes  specimen  labels  add  only  the  genera  Am- 
extending  to  posterior  margin  of  scutum,  pelopsis  and  Cicuta. 

Width  across  pronotal  lobes  6  to  7  mm.  I  have  examined  the  following  speci- 

Forewing  length  17  to  20  mm.  Apical  ter-  mens,  42  males  and  30  females: 
gum  with  a  well  defined  pygidial  plate 

bordered  by  carinae;  lower  margin  of  ter-  COLORADO:    Jefferson    Co.-.   Golden,   Chimney 

gum  VI  strongly  sinuous  in  lateral  view  Gulch,  2,  (Oslar,  UCD). 

(see  Dow    1941-  fig    6)  FLORIDA:  A/ac/iua  Co.:  Gainesville,  3,  VII-7-1918 

Vestiture   As  in  male  ^^-  ^  ^^"*g'  ^^^^^^'  ^'  VII-16-1918  (P.  w.  Fattig, 

vi;i,niure.  /\s  m  maie.  USNM);  6,  VII-18-1918  (P.  W.  Fattig,  USNM);  2  S, 

Color.  Similar  to  male,  exhibiting  a  sim-  vii-22-19l8  (P.  w.  Fattig,  AMNH,  jws).  Co.  un- 

ilar  range  of  variation.  known-  Cape  Barrancas,  9,  (C.  W.  Willard,  MCZ). 
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ILLINOIS:  2  S  (AMNH). 

IOWA:  Henry  Co.:  Mt.  Pleasant,  9,  VII-P-1920 
(USNM).  Woodbury  Co.:  Sioux  City,  9,  IX-3-1921  (A. 
W.  Lindsay,  MCZ). 

KANSAS:  Butler  Co.:  1286  ft,  9,  ?-?-1916  (R.  H. 
Beamer,  USNM).  Decatur  Co.:  <5,  9,  VII-6-1925  (R. 
H.  Beamer,  USNM);  S,  VII-6-1925  (H  J.  Grady, 
USNM).  Dickinson  Co.:  4  5,  2  9,  and  a  copulating 
pair,  VIII-P-1901  (J.  C.  Bridwell,  USNM).  Douglas 
Co.:  Baldwin,  <?,  VII-?-?  (J.  C.  Bridwell,  USNM).  900 
ft,  S  (F.  H.  Snow,  USNM).  Greenwood  Co.:  S,  VIII- 
1-1923  (Beamer  and  Lawson,  USNM).  Jewell  Co.: 
Montrose,  S,  VIII-1 1-1961  (F.  P.  Rindge,  AMNH). 
Osborne  Co.:  1557  ft,  S,  9,  VIII-3-1912  (F.  X.  Wil- 
liams, USNM).  Pottawatomie  Co.:  Blackjack  Creek, 
(5,  VII-2-1953  (Evans,  Lin,  and  Yoshimoto,  MCZ). 
Riley  Co.:  $,  VII-20-1953  (Evans,  Lin,  and  Yoshi- 
moto, MCZ).  Deep  Creek,  S  (USNM).  Popenoe,  9, 
VII-9-?  (USNM);  .5,  VII-3-?  (USNM).  Stafford  Co.: 
Salt  Flats  Area,  $,  VIII-20-1953  (Evans,  Lin,  and 
Yoshimoto,  MCZ).  Sumner  Co.:  1189  ft,  9,  ?-?-1916 
(R.  H.  Beamer,  USNM).  Wellington,  9  (H.  R.  Watts, 
USNM). 

LOUISIANA:  St.  Tammany  Parish:  Covington,  9, 
VM2-1951  (Price,  Reamers,  and  Wood,  USNM). 

MARYLAND:  Charles  Co.:  Indian  Head,  6,  9,  VIII- 
23-1902  (Bridwell,  USNM). 

MISSISSIPPI:  Forrest  Co.:  Hattiesburg,  9,  VII-29- 
1944  (C.  D.  Michener,  AMNH). 

MISSOURI:  St.  Louis  Co.:  St.  Louis,  9,  VII-?-1911 
(Coll.  of  P.  Rau,  USNM). 

NEBRASKA:  Furnas  Co.:  2  3,  3  9  (PANS).  Cam- 
bridge, 9,  VII-26-1921  (A.P.M.,  MCZ);  <5,  VIII-2-1921 
(A.P.M.,  MCZ);  <?,  VIII-22-1923  (A.P.M.,  MCZ). 

OKLAHOMA:  Carter  Co.:  Ardmore,  3,  VII-11-? 
(C.  R.  Jones,  USNM);  9,  Vin-18-1905  (C.  R.  Jones, 
USNM).  Marshall  Co.:  Lake  Texoma,  2  mi  E  of  Wil- 
lis, S,  4  9,  VII-?-1965  (R.  M.  Bohart,  UCD);  9,  VII-?- 
1965  (R.  M.  Bohart,  JWS). 

SOUTH  DAKOTA:  Bon  Homme  Co.:  Springheld, 
$,  VIII-27-1926  (H.  C.  Severin,  MCZ). 

TEXAS:  Bexar  Co.:  <5,  VIM  1-1931  (H.  B.  Parks, 
TA&M);  S,  VII-24-1932  (H.  B.  Parks,  TA&M).  San 
Antonio,  S  (H.  B.  Parks,  USNM).  Brazos  Co.:  College 
Station,  $,  VI-12-1932  (S.  W.  Bromley,  USNM);  3, 
VI-25-1937,  on  flowers  of  Ampelopsis  arborea 
(Strandtmann,  MCZ).  Gonzales  Co.:  Palmetto  State 
Park,  .5,  VI-20-1956  (H.  E.  Evans  and  E.  G.  Mat- 
thews, MCZ).  Lee  Co.:  Giddings,  9,  VII-6-1948  (H. 
E.  Evans,  MCZ).  Titus  Co.:  Mt.  Pleasant,  3,  VI-13- 
1948,  on  flowers  of  Cicuta  maculata  L.  (H.  E.  Evans, 
MCZ).  Washington  Co.:  Washington  State  Park,  9, 
VI-17-1956  (H.  E.  Evans  and  E.  G.  Matthews,  MCZ). 
Co.  unknown:  S  (PANS);  <5,  9  (Belfrage,  USNM). 

WISCONSIN:  Milwaukee  Co.:  Milwaukee,  S,  VIII- 
17-1917  (S.  Graenicher,  MCZ). 

Remarks:  Stizus  brevipennis  is  a  very 
distinctive  species  easily  recognized  in 
either  sex  by  the  characters  cited  in  the 


key.  It  is  the  only  Stizus  likely  to  be  en- 
countered east  of  the  Mississippi  River. 
Williams  (1914)  observed  a  female  of  this 
species  hunting  a  short-winged  adult  fe- 
male of  Conocephalus  in  Kansas. 

Stizus  texanus  Cresson 

1872  Stizus  texanus  Cresson,  Trans.  Amer.  Ent.  Soc. 

4:  222.  6  9. 
1879  Megastizus  texanus  (Cresson).  Patton,  Bull.  U.S. 

Geol.  Surv.  Terr.  5:  345.  S  9. 
1878  Megastizus  brevipennis  (Walsh).  Cresson,  Syn- 
opsis, Trans.   Amer.   Ent.   Soc,   Supp.,   p.   278  (in 

part). 
1892   Stizus   texanus  Cresson.    Handlirsch,   Sitz.   k. 

Akad.  Wiss.  Wien,  Math.-nat.  Cl.,  Abt.  1,  101(1): 

176,  pi.  1,  figs.  2,  6,  14,  15;  pi.  2,  fig.  29;  pi.  3,  fig. 

16. 
1895  Stizus  texanus  Cresson.  Fox,  Proc.  Acad.  Nat. 

Sci.,  Philadelphia  1895:  267-268. 
1897  Stizus  texanus  Cresson.  Kohl,  Ann.  k.  k.  Na- 

turhist.  Hofmus.,  Wien  11:  pi.  VIII,  fig.   126;  pi. 

IX,  fig.  150;  pi.  X,  fig.  168. 
1942  Stizus  texanus  Cresson.  Dow,  Psyche  48:  178- 

179,  180  (key). 

Male:  Length  24  to  33  mm. 

Structure.  Head  in  facial  view  with  lat- 
eral ocelli  not  projecting  above  the  round- 
ed vertex;  clypeus  with  apical  margin 
nearly  straight  along  median  half;  supra- 
clypeal  area  intermediate,  width/length 
about  2.46  (measured  as  in  S.  brevipen- 
nis); median  frontal  depression  surround- 
ing median  ocellus.  Flagellum  without  ty- 
loids,  apical  flagellomere  distinctly 
emarginate  within,  apex  more  rounded 
than  in  S.  aztecus.  Mandible  with  a  prom- 
inent subapical  tooth  set  off  by  a  distinct 
notch,  further  from  apex  than  in  S.  brev- 
ipennis, ridge  extending  basad  along  in- 
ner surface  from  subapical  tooth  nearly 
straight  in  anterior  view  of  spread  man- 
dibles. 

Mesosoma  robust;  width  across  pro- 
notal  lobes  5  to  7.5  mm,  typically  about 
6.5  mm;  scutum  without  evident  notauli; 
admedian  lines  carinate  anteriorly,  im- 
pressed lines  posteriorly;  parapsidal  lines 
faint,  not  reaching  posterior  margin  of 
scutum;  scutal  laminae  behind  oblique 
scutal  carina  produced  into  a  distinct  lobe. 
Length  of  forewing  19  to  22.5  mm. 
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Caster  robust  but  more  slender  than  in 
S.  aztecus;  tergum  VII  abruptly  narrowed 
into  a  flattened  truncate  projection  with  a 
small  but  distinct  median  emargination. 
Sternum  VI  shallowly  emarginate  apical- 
ly;  sternum  VII  with  heavily  sclerotized 
portion  triangular,  shallowly  emarginate 
apically;  sternum  VIII  as  shown  in  Figure 
3,  mostly  hidden  by  sternum  VII,  median 
prong  broadly  triangular  in  ventral  view, 
not  subparallel  basally,  prongs  distinctly 
curved  downward  but  not  so  strongly  as 
in  S.  aztecus.  Genitalia  as  shown  in  Figure 
3,  more  slender  in  both  ventral  and  lateral 
views  than  in  S.  brevipennis  or  S.  aztecus; 
apical  enlargement  of  aedeagus  narrower 
than  distance  from  tip  to  tip  of  pointed 
projections  at  apex  of  each  digitus;  cus- 
pides  with  relatively  short  setae,  without 
long  hairs. 

Vestiture.  As  in  S.  brevipennis. 

Color.  Ferruginous  and  black,  exten- 
sively marked  with  yellow. 

Head  mostly  ferruginous,  sometimes 
partly  replaced  with  black  especially  in 
specimens  from  more  eastern  localities, 
with  yellow  markings.  Mandibles  ferru- 
ginous shading  to  black  apically;  labial  and 
maxillary  palpi  yellow  suffused  with  fer- 
ruginous. Labrum  and  clypeus  yellow  with 
narrow  ferruginous  borders  apically;  su- 
praclypeal  area  yellow  with  a  ferruginous 
or  black  line  along  posterior  margin  of 
clypeus;  tentorial  pits  and  lines  extending 
from  them  to  antennal  sockets  ferrugi- 
nous, sometimes  partly  replaced  with 
black,  lines  to  antennal  sockets  sometimes 
indistinct.  Broad  inner  orbits  to  level  of 
midocellus  yellow;  supra-antennal  area 
between  yellow  of  inner  orbits  all  ferru- 
ginous, or  all  black,  or  ferruginous  with  a 
pair  of  black  spots  above  antennae,  and 
often  with  a  black  spot  surrounding  the 
midocellus;  area  above  midocellus  and 
vertex  either  all  ferruginous  or  partly  and 
sometimes  extensively  replaced  with  black; 
inner  orbits  above  midocellus  ferruginous 
even  in  darker  individuals.  Postorbital 
yellow  stripe  often  present,  sometimes  re- 
stricted to  top  half  of  compound  eye,  and 


sometimes  absent;  occiput  often  entirely 
ferruginous,  sometimes  partly  replaced 
with  black  especially  within  occipital  ca- 
rina, black  sometimes  more  extensive,  oc- 
casionally continuous  with  the  vertex 
which  is  also  black  in  such  melanic  indi- 
viduals. Scape  yellow  below,  ferruginous 
above;  pedicel  ferruginous;  flagellomere  I 
ferruginous,  paler  below,  and  sometimes 
with  a  fuscous  spot  above  near  apex;  fla- 
gellomere II  often  mostly  ferruginous;  fla- 
gellomere XI  ferruginous  apically  and 
ventrally;  remainder  of  flagellum  ranging 
from  ferruginous  below  and  fuscous  above 
to  entirely  fuscous  in  darker  individuals. 
Mesosoma  ferruginous,  sometimes  more 
or  less  extensively  replaced  with  black, 
marked  with  yellow.  Pronotum  mostly 
ferruginous,  sometimes  partly  replaced 
with  black;  dorsal  margin  with  a  band  of 
yellow  which  is  often  wider  to  each  side; 
pronotal  lobes  yellow;  small  yellow  spot 
sometimes  present  anterior  to  each  pro- 
notal lobe.  Scutum  with  disk  ranging  from 
ferruginous,  to  partly  black,  to  all  black 
in  the  darkest  individuals;  broad  lateral 
margins  always  ferruginous  or  ferrugi- 
nous tinged  with  yellow.  Scutellum  fer- 
ruginous, sometimes  with  anterior  margin 
black,  often  with  a  pair  of  oblong  lateral 
spots  which  are  sometimes  connected  me- 
dially, occasionally  mostly  yellow.  Meta- 
notum  ferruginous,  sometimes  black  an- 
teriorly, with  a  yellow  band  which  is 
sometimes  interrupted  medially.  Propo- 
deum  ranging  from  ferruginous,  to  partly 
black,  to  entirely  black;  yellow  spots 
sometimes  present  on  lateral  angles  above 
and  within  dorsal  enclosure  laterally. 
Mesopleura  and  metapleura  ranging  from 
ferruginous  to  more  or  less  extensively 
black;  very  small  yellow  spot  sometimes 
present  behind  each  pronotal  lobe  in  paler 
specimens.  Coxae  entirely  ferruginous  or 
black  basally;  trochanters  and  femora  fer- 
ruginous, partly  fuscous  in  darker  individ- 
uals; tibiae  and  tarsi  ferruginous,  some- 
times tinged  with  yellow;  claws  dark 
distally.  Tegulae  and  post-tegulae  ferru- 
ginous, sometimes  partly  yellow.  Veins  of 
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Figure  3.     Stizus  texanus  Cresson.  Male  genitalia  in  A.  dorsal,  B.  ventral,  and  C.  lateral  views;  D.  male  sternum  VIII,  ventral 
w\ew. 
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both  wings  ferruginous,  those  surrounding 
marginal  and  submarginal  cells  and  both 
recurrent  veins  darker,  almost  brown; 
membranes  of  both  wings  subhyaline, 
tinged  with  dark  amber,  slightly  infumate 
in  marginal  cell  and  along  transverse  cu- 
bital veins. 

Gaster  ranging  from  ferruginous  to  ex- 
tensively dark  brown  or  black,  marked 
with  yellow.  Terga  I  to  IV  with  large  lat- 
eral yellow  spots,  these  widely  separated 
and  rounded  or  subquadrate  on  terga  I 
and  progressively  closer  together  and  more 
elongate  on  more  distal  terga,  sometimes 
connected  medially  on  terga  III  and  IV; 
terga  V  and  VI  with  or  without  yellow 
markings,  when  present  these  range  from 
small,  widely  separated  spots  to  a  contin- 
uous band  of  yellow;  when  the  spots  on 
any  tergum  are  joined  medially  to  form  a 
continuous  yellow  band,  the  anterior  mar- 
gin of  the  band  deeply  and  more  or  less 
triangularly  emarginate  medially,  and 
posterior  margin  nearly  straight  or  only 
shallowly  emarginate  medially;  tergum 
VII  sometimes  tinged  with  yellow  in  paler 
individuals.  Sternum  II  with  or  without 
lateral  yellow  spots  of  variable  size;  sterna 
III  and  IV  always  with  lateral  yellow  spots 
of  variable  size,  sometimes  connected  me- 
dially; sternum  V  sometimes  with  small 
lateral  yellow  spots. 

Female.  Similar  to  male;  length  24  to 
30  mm. 

Structure.  Much  as  in  male;  frons  some- 
what wider;  clypeus  somewhat  shorter, 
more  transverse,  apical  margin  nearly 
straight  or  with  a  shallowly  rounded 
emargination;  apical  flagellomere  more 
evenly  curved,  apex  evenly  rounded;  scu- 
tellum  with  or  without  a  very  shallow  me- 
dian depression.  Width  across  pronotal 
lobes  6  to  7.5  mm.  Forewing  length  21  to 
23  mm.  Apical  tergum  with  a  well-de- 
fined pygidial  plate  bordered  by  carinae; 
lower  margin  of  tergum  VI  with  basal 
three  fourths  nearly  straight  in  lateral 
view. 

Vestiture.  As  in  S.  brevipennis. 

Color.  Similar  to  male,  exhibiting  a  sim- 


ilar range  of  variation;  scutellum  appar- 
ently always  marked  with  yellow;  pygi- 
dial plate  fuscuous. 

Types:  Male  holotype  No.  2054.1  in  the 
collection  of  the  Philadelphia  Academy  of 
Natural  Sciences.  Two  additional  speci- 
mens in  the  Museum  of  Comparative  Zo- 
ology collected  by  Boll  in  Dallas,  Texas 
bear  type  labels  No.  512  (1)  and  No.  512 
(2)  and  may  be  part  of  the  original  series 
of  four  specimens  studied  by  Cresson. 

Type  Locality:  Dallas,  Texas. 

Distribution:  Stizus  texanus  is  known 
from  southeastern  Arizona,  New  Mexico, 
Texas,  Oklahoma,  southwestern  Arkansas, 
and  Chihuahua,  Mexico.  Evans  (1966:  125) 
reported  taking  this  species  on  flowers  of 
Baccharis  in  Arizona,  and  data  from  la- 
bels add  the  genera  Helianthus  and  As- 
clepias  as  nectar  sources.  Collection  dates 
range  from  May  to  September. 

I  have  examined  the  following  speci- 
mens, 33  males  and  34  females: 

ARIZONA:  Cochise  Co..  Douglas,  9,  VIII-12-1936 
(W.  W.  Jones,  MCZ):  25  mi  NE,  <?,  IX-1-1965,  on 
flowers  of  Helianthus  annuus  L.  (J.  H.  Davidson  and 
M.  A.  Cazier,  UCD).  Willcox,  6  mi  SW,  9,  VIII-9- 
1948,  on  flowers  of  Asclepias  (H.  E.  Evans,  MCZ). 
Pima  Co.:  Tucson,  9  (G.  v.  Krockow,  AMNH). 

ARKANSAS:  Little  River  Co.:  2,  VII-2-1944  (UCD). 

NEW  MEXICO:  Otero  Co.:  White  Sands  National 
Monument,  2  <3,  9  (C.  R.  Kovacic,  D.  R.  Miller,  UCD). 
Socorro  Co.:  Bernardo,  <3,  VII-24-1970  (B.  Apperson, 
BBSL). 

OKLAHOMA:  Murray  Co.  (?):  Arbuckle  Mts.,  2 
S,  (R.  H.  Beamer,  USNM). 

TEXAS:  Bexar  Co.:  7  9,  V-21-1931,  VI-23-1931, 
VI-14,  22,  23,  26-1932  (H.  B.  Parks,  TA&M);  <5,  VI- 
24-1932  (H.  B.  Parks,  TA&M).  San  Antonio,  3  6,  V- 
27-1927  (USNM);  <3,  VI-29-1956  (H.  E.  Evans,  E.  G. 
Matthews,  MCZ).  Brewster  Co.:  Alpine,  S,  VI-4-1927 
(USNM);  32  mi  S,  S,  VI-6-1961  (R.  Gamez,  MCZ). 
Big  Bend  National  Park,  Chisos  Mts.,  2  3,  9  (J.  Be- 
quaert,  MCZ).  Crane  Co.:  Junction  US  80  and  farm- 
road  1053,  3  mi  S,  S,  VI-10-1961,  on  flowers  of  As- 
clepias subverticillata  (J.  E.  Gillaspv,  MCZ).  Dallas 
Co.:  9  <5,  8  9  (Boll,  MCZ);  holotype  (Boll,  PANS). 
Fannin  Co.:  Bonham,  9,  VII-2-1936  (TA&M).  Kauf- 
man Co.:  9,  VII-10-1935  (J.  H.  Robinson,  MCZ).  La- 
salle  Co.:  Cotulla,  6,  4  9,  VI-21-1906  (H.  Caley,  MCZ). 
Webb  Co.:  Laredo,  2  9,  VI-16-1924  (USNM).  Co. 
unknown:  S,  9  (MCZ). 

CHIHUAHUA,  MEXICO:  Cyn  de  Bachimba,  27 
mi  S  Chihuahua,  9,  IX-7-1950  (R.  F.  Smith,  AMNH). 
Hidalgo  del  Parral,  2  9,  VII-22-1967  (R.  C.  Gardner, 
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C.  R.  Kovacic,  K.  Lorenzen,  UCD,  JWS);  4  S,  VIII- 
10-1967  (R.  C.  Gardner,  C.  R.  Kovacic,  UCD,  JWS); 
9  mi  S,  2,  VIII-8-1967  (R.  C.  Gardner,  C.  R.  Kovacic, 
K.  Lorenzen,  UCD).  Meoqui,  6  mi  NE,  2  S,  IX-2- 
1950  (R.  F.  Smith,  AMNH), 

Remarks:  Stizus  texanus  occurs  in  two 
fairly  distinct  color  phases.  Specimens 
from  the  eastern  portion  of  the  range 
(southwestern  Arkansas,  eastern  Okla- 
homa, and  eastern  Texas)  are  very  dark 
with  the  typically  ferruginous  areas  tend- 
ing to  a  dark  brown,  while  those  from 
more  western  localities  (most  of  Texas, 
New  Mexico,  Arizona,  and  Chihuahua)  are 
mostly  ferruginous  with  very  little,  if  any, 
dark  brown  and  have  the  yellow  macula- 
tion  more  extensively  developed.  Two 
males  from  the  Arbuckle  Mountains  of 
Oklahoma  are  interesting  in  this  regard 
since  one  is  very  dark  while  the  other 
closely  approaches  the  more  xanthic  col- 
oration exhibited  by  individuals  from  the 
western  and  more  xeric  portions  of  the 
range.  This  example  of  the  two  color 
phases  occurring  in  close  proximity,  to- 
gether with  the  fact  that  various  inter- 
mediate forms  are  sometimes  encoun- 
tered, leaves  little  reason  to  grant 
subspecific  status  to  the  two  color  phases. 


Stizus  aztecus  new  species 

Holotype  male:  Length  30  mm. 

Structure.  Very  similar  to  S.  texanus, 
differing  most  concretely  in  the  genitalia. 
Head  in  facial  view  with  lateral  ocelli  not 
projecting  above  rounded  vertex.  Clypeus 
with  apical  margin  evenly  rounded,  me- 
dian half  not  nearly  straight;  supraclypeal 
area  relatively  broad,  width/length  about 
2.76  (measured  as  in  S.  brevipennis);  me- 
dian frontal  depression  surrounding  mi- 
docellus.  Flagellum  without  tyloids;  apical 
flagellomere  distinctly  emarginate  within, 
apex  more  angulate  than  in  S.  texanus. 

Mesosoma  robust;  width  across  pro- 
notal  lobes  7  mm.  Scutum  without  evident 
notauli;  admedian  lines  carinate  through- 
out; parapsidal  lines  faint,  not  reaching 
posterior  margin  of  scutum;  posterior 


margin  of  scutal  lamina  produced  into  a 
distinct  lobe  behind  oblique  scutal  carina; 
propodeum  with  a  pair  of  carinae  on  low- 
er posterior  surface  extending  upward 
from  submarginal  sulcus.  Forewing  length 
22  mm. 

Gaster  robust,  more  inflated  than  in  S. 
texanus.  Tergum  VII  and  sternum  VI  as 
in  S.  texanus;  sternum  VII  somewhat 
broader  and  more  distinctly  emarginate 
apically  than  in  S.  texanus;  sternum  VIII 
as  shown  in  Figure  4,  more  robust  than  in 
S.  texanus.  Genitalia  as  shown  in  Figure 
4,  more  robust  than  in  S.  texanus,  longi- 
tudinal axis  clearly  oblique  to  basal  mar- 
gin; apical  enlargement  of  aedeagus  wider 
than  distance  from  tip  to  tip  of  the  two 
pointed  projections  at  apex  of  each  digi- 
tus; cuspides  with  short  setae,  without  long 
hairs. 

Vestiture.  As  in  S.  brevipennis. 

Color.  Black  and  ferruginous  marked 
with  whitish  yellow.  Head  mostly  ferru- 
ginous; clypeus  whitish  yellow  bordered 
apically  with  a  narrow  band  of  ferrugi- 
nous; supraclypeal  area  whitish  yellow; 
line  along  posterior  margin  of  clypeus  fer- 
ruginous; tentorial  pits  and  lines  extend- 
ing from  them  to  antennal  sockets  black 
bordered  by  ferruginous;  inner  orbits  to 
near  level  of  midocellus  whitish  yellow; 
supra-antennal  area  ferruginous  with  a 
black  spot  adjacent  to  each  antennal  sock- 
et; frons  above  midocellus  and  vertex  fer- 
ruginous; occiput  ferruginous,  black  with- 
in and  slightly  beyond  occiptal  carina; 
genae  ferruginous.  Mandibles  ferruginous 
with  distal  half  black.  Scape  and  pedicel 
ferruginous;  flagellomere  I  ferruginous 
with  a  fuscous  stain  above  distally;  apical 
flagellomere  ferruginous  at  apex  and  along 
ventral  surface;  remainder  of  flagellum 
fuscous. 

Mesosoma  black  and  ferruginous 
marked  with  whitish  yellow;  pronotum 
ferruginous  shading  to  black  anteriorly, 
spot  on  pronotal  lobe  whitish  yellow;  scu- 
tum ferruginous  laterally,  posterior  mar- 
gin and  much  of  disk  black  nearly  sur- 
rounding a  pair  of  lanceolate,  ferruginous 


416         Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  7 


spots;  scutellum  ferruginous,  lateral  de- 
clivities darker;  metanotum  ferruginous; 
propodeum,  metapleura,  and  metaster- 
num  black;  mesopleura  mostly  black  with 
spot  behind  pronotal  lobe  and  lobes  be- 
tween mesocoxae  ferruginous.  Tegulae 
and  axillary  sclerites  ferruginous.  Wings 
subhyaline  tinged  with  dark  amber, 
slightly  smoky;  marginal  cell  with  anterior 
half  infumate;  veins  ferruginous,  costal 
vein  darker  distally,  almost  brown.  Coxae 
and  trochanters  black  distally  shading  to 
ferruginous  on  lower  surface;  femora  fer- 
ruginous with  small  amount  of  black  ba- 
sally;  remainder  of  leg  ferruginous;  claws 
dark  apically. 

Caster  black  and  ferruginous  marked 
with  whitish  yellow.  Terga  I  to  V  with 
lateral  whitish  yellow  spots,  those  on  ter- 
gum  I  subcircular,  those  on  tergum  II 
ovate,  and  those  on  succeeding  terga  pro- 
gressively narrower;  lateral  spots  widely 
separated  medially  on  tergum  I  and  pro- 
gressively closer  together,  but  not  joined 
medially,  on  succeeding  terga;  remainder 
of  dorsal  surface  of  gaster  black  except  for 
ferruginous  area  between  lateral  spots  on 
tergum  I.  Sterna  black,  narrowly  ferrugi- 
nous along  apical  margin  of  sternum  I; 
sterna  III  and  IV  with  widely  separated, 
subcircular  spots,  spots  larger  on  sternum 
III  than  on  sternum  IV.  Genitalia  brown, 
clearly  darker  than  in  S.  texanus. 

Allotype  female:  Similar  to  male;  length 
27  mm. 

Structure.  Difficult  to  distinguish  from 
S.  texanus.  Clypeus  somewhat  more  ru- 
gose medially  above  apical  margin  and  la- 
mellate apical  border  wider  than  in  S.  tex- 
anus. Dorsal  ridge  of  pronotum  with 
median  indentation  deeper  than  in  S.  tex- 
anus. Bulge  in  metapleuron  adjacent  to 
insertion  of  hindwing  with  two  strong 
transverse  carinae  in  S.  texanus,  and  with 
lower  carina  poorly  developed  in  S.  az- 
tecus.  Ridge  along  lower  margin  of  pro- 
podeum from  midcoxa  to  bulge  at  base  of 
hindcoxa  carinate  and  extending  onto 
bulge  in  S.  texanus,  and  more  rounded 
and  not  extending  onto  bulge  in  S.  aztec- 


us.  This  ridge  forms  lower  margin  of  a 
triangular  enclosure  bordered  above  by  a 
ridge  extending  from  metapleuron  to 
bulge  at  base  of  hindcoxa.  The  upper  ridge 
is  simply  carinate  in  S.  texanus,  and  in  S. 
aztecus  it  is  lower,  broader,  and  (usually) 
bicarinate  anteriorly.  Width  across  pro- 
notal lobes  6.5  mm.  Forewing  length  20 
mm. 

Vestiture.  As  in  S.  brevipennis. 

Color.  As  in  holotype  male  with  the  fol- 
lowing differences.  Head  with  supraan- 
tennal  area  ferruginous  without  black 
spots;  area  within  occipital  carina  partly 
ferruginous,  black  not  extending  beyond 
carina.  Mesosoma  predominantly  ferru- 
ginous; pronotum  with  black  reduced  to 
two  small  areas  on  each  side,  dorsal  mar- 
gin narrowly  whitish  yellow;  scutum  fer- 
ruginous except  for  narrow  black  area 
along  median  third  of  anterior  margin; 
propodeum  ferruginous  with  black  re- 
stricted to  line  along  anterior  margin,  most 
of  lateral  surface,  posterior  apex  of  enclo- 
sure, and  lower  margin  of  posterior  face; 
metapleuron  black  with  central  ferrugi- 
nous spot;  mesopleuron  ferruginous  over 
most  of  lateral  surface  and  along  midline 
below  with  most  of  ventral  surface  and 
along  sutures  black,  coxae  and  trochanters 
more  extensively  ferruginous. 

Caster  with  ferruginous  more  exten- 
sive; terga  I  to  IV  partly  ferruginous;  ster- 
na II  and  III  largely  ferruginous,  sterna 
IV  and  V  less  extensively  so. 

Variation:  The  paratypes  agree  in  most 
respects  with  the  description  of  the  holo- 
type but  exhibit  considerable  variation  in 
color  and  size.  Color  variation  is  much  the 
same  in  the  two  sexes,  and  there  is  no  con- 
sistent color  dimorphism.  The  most  strik- 
ing variation  concerns  the  relative  extent 
of  black  and  ferruginous.  The  lightest  in- 
dividuals approximate  the  condition  in  the 
allotype  female,  and  the  darkest  individ- 
uals differ  from  the  holotype  as  follows: 
Head  with  black  extending  from  antennal 
sockets  to  vertex  forming  a  band  of  width 
subequal  to  distance  between  the  outer 
margins  of  the  antennal  sockets;  occiput 


Figure  4.    Stizus  aztecus,  new  species, 
ventral  view. 


Male  genitalia  in  A.  dorsal,  B.  ventral,  and  C.  lateral  views;  D.  male  sternum  VIM, 
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with  black  extending  well  beyond  occip- 
ital carina  and  joining  band  extending 
from  the  antennal  sockets.  Mesosoma  black 
with  ferruginous  much  reduced;  prono- 
tum  black,  narrowly  ferruginous  along 
borders;  scutum  mostly  black,  ferruginous 
along  lateral  margins;  scutellum  mostly 
ferruginous,  black  laterally  and  along  su- 
tures; propodeum,  metapleuron,  and 
mesopleuron  entirely  black;  coxae  and 
trochanters  almost  entirely  black;  femora 
partly  black,  especially  on  hind  legs.  Cas- 
ter with  background  black,  virtually  with- 
out ferruginous.  There  is  also  considerable 
variation  in  the  size  of  the  whitish  yellow 
maculations,  and  those  on  the  sterna  are 
sometimes  virtually  absent.  The  holotype 
is  unique  in  lacking  a  band  of  whitish  yel- 
low along  the  dorsal  margin  of  the  prono- 
tum.  Unlike  S.  texanus,  none  of  the  avail- 
able specimens  of  S.  aztecus  have  any 
yellow  on  the  scutellum.  Male  dimensions 
are:  length  28  to  33  mm,  width  across  pro- 
notal  lobes  6.5  to  8  mm,  and  forewing 
length  21  to  23  mm;  the  equivalent  mea- 
surements for  females  are  26  to  28  mm,  6 
to  7.5  mm,  and  19.5  to  22  mm,  respec- 
tively. 

Types:  Holotype  male  and  allotype  fe- 
male, collected  IX-22-1955  by  G.  E.  Bo- 
hart  on  Baccharis  glutinosa  in  Bisbee, 
Cochise  Co.,  Arizona,  to  be  deposited  in 
the  collection  of  the  University  of  Cali- 
fornia at  Davis.  Paratypes,  4  males  and  3 
females,  as  follows: 

CHIHUAHUA,  MEXICO:  2  miles  SE  Temoris 
(actually  Temores  according  to  maps  I  have  consult- 
ed, a  town  about  200  miles  west  of  Hidalgo  del  Par- 
ral),  3,  2  9,  IX-1 1-1969  (T.  A.  Sears,  R.  C.  Gardner, 
C.  S.  Glaser,  UCD,  JWS). 

NAYARIT,  MEXICO:  Tepic,  2,  VIII-22-1905  (P. 
H.  Goldsmith,  MCZ).  25  miles  NW  Tepic,  <3,  X-8- 
1950  (R.  F.  Smith,  AMNH). 

The  two  remaining  male  paratypes  were 
purchased  years  ago  by  R.  M.  Bohart  (per- 
sonal communication)  from  the  H.  S.  Gen- 
try collection  and  bear  the  confusing  lo- 
cality record:  "Mesa  Col[orada?].  Son. 
Chih."  I  have  been  able  to  locate  two  set- 
tlements bearing  the  name  Mesa  Colo- 


rado (26°54'N,  108°14'W  and  27°56'N, 
108°38'W)  both  within  the  boundaries  of 
Chihuahua  and  both  within  the  region  de- 
limited by  other  localities  where  S.  aztec- 
us has  been  collected.  It  is  probable  that 
the  specimens  come  from  one  or  the  other 
of  these  two  places.  Both  specimens  are  in 
the  UCD  collection;  one  bears  the  date 
VIII-25-1933  and  the  other  X-20-1933. 

Remarks:  Stizus  aztecus  is  very  closely 
related  to  S.  texanus,  but  the  genitalic  dif- 
ferences are  striking  and  constant.  The  fe- 
males of  the  two  species  are  difficult  to 
separate  on  structural  grounds,  and  the  dif- 
ferences cited  above  may  prove  inade- 
quate when  more  material  becomes  avail- 
able. Similarly,  the  color  of  the  scutellum 
which  I  rely  on  to  separate  females  in  the 
key  may  also  prove  inadequate.  It  should 
be  noted,  however,  that  the  two  species 
are  strikingly  different  in  color  in  Chihua- 
hua and  southeastern  Arizona  where  they 
occur  in  close  proximity.  S.  aztecus  is 
marked  with  whitish  yellow  on  a  very 
dark,  mostly  black,  background  while 
western  individuals  of  S.  texanus  are  much 
more  extensively  marked  with  a  deeper 
shade  of  yellow  on  an  almost  entirely  fer- 
ruginous background.  Darker  individuals 
of  S.  texanus  from  more  eastern  localities 
are  more  difficult  to  distinguish  from  S. 
aztecus,  but  this  problem  should  not  arise 
in  practice.  It  may  also  be  noted  that  the 
two  species  appear  to  have  different  eco- 
logical requirements,  and  no  cases  of  local 
sympatry  are  now  known.  S.  aztecus  is  a 
montane  form  apparently  restricted  to  the 
Sierra  Madre  Occidental  and  its  outliers 
while  S.  texanus  is  largely  a  lowland  form 
occurring  east  of  the  Mexican  cordillera 
and  north  to  Oklahoma  and  southeastern 
Arkansas  with  a  western  extension  into  the 
lowlands  of  southeastern  Arizona. 


Stizus  occidentalis  Parker 

1929  Stizus  occidentalis  Parker,  Proc.  U.S.  Nat.  Mus. 

75(5):  9-10,  pi.  4,  fig.  29. 
1942  Stizus  occidentalis  Parker.  Dow,  Psyche,  48: 

176,  figs.  2,  4. 
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1943  Stizus  occidentalis  Parker.   Lohrmann,   Mitt. 
Munchn.  Ent.  Ges.  33:  195. 

Male:  Length  16  to  21  mm. 

Structure.  Head  in  facial  view  with 
posterior  ocelh  distinctly  projecting  above 
the  nearly  straight  vertex.  Clypeus  emar- 
ginate  apically,  posterior  margin  nearly 
straight.  Antennal  sockets  separated  from 
eyes  by  somewhat  less  and  from  each  oth- 
er by  somewhat  more  than  their  trans- 
verse diameter;  space  between  antennal 
sockets  with  a  low  ridge,  carinate  poste- 
riorly. Median  frontal  depression  narrow- 
er than  in  S.  iridis,  not  surrounding  an- 
terior ocellus;  lateral  margin  of  each 
posterior  ocellus  bordered  by  a  longitu- 
dinal, shining  impression  about  one  third 
the  diameter  of  the  ocellus  in  width  and 
extending  posteriorly  for  a  distance  about 
equal  to  the  diameter  of  the  ocellus  but 
not  descending  the  vertical  face  of  the  oc- 
ciput. Flagellomeres  VII  to  X  much  short- 
er than  the  four  preceding;  apical  fla- 
gellomere  rather  variable  in  shape,  apex 
evenly  rounded  to  obliquely  truncate 
when  viewed  from  the  direction  of  the 
tyloidal  surface;  linear  tyloids  present  on 
flagellomeres  V  to  XI,  that  on  apical  fla- 
gellomere  longer  than  in  S.  iridis,  usually 
more  than  half  as  long  as  the  flagellomere. 

Mesosoma  in  dorsal  view  more  round- 
ed anteriorly  and  more  pointed  behind 
than  in  S.  iridis;  width  across  pronotal 
lobes  4.5  to  5.5  mm;  parapsidal  furrows 
not  extending  to  posterior  margin  of  scu- 
tum, represented  by  simple  impressed 
lines;  oblique  scutal  carina  present,  delim- 
iting a  posterolateral  declivity  nearly  at 
the  posterior  margin  of  the  scutum,  de- 
clivity almost  vertical  with  posterior  mar- 
gin only  slightly  produced  into  a  lobe;  pos- 
terior angles  of  propodeum  not  as  convex 
as  in  S.  iridis;  propodeum  without  a  pair 
of  carinae  on  lower  posterior  face.  Fore- 
wing  length  13.5  to  16  mm;  first  trans- 
verse cubital  vein  nearly  straight.  Legs  not 
as  slender  as  in  S.  iridis;  foretarsal  rake 
poorly  developed. 

Caster  somewhat  more  inflated  than  in 
S.  iridis;  tergum  I  with  convex  sides  as 


seen  from  above,  distinctly  rounded  an- 
teriorly in  dorsal  aspect,  and  with  a  less 
sharply  marked  anterior  face  than  in  S. 
iridis;  sternum  VII  with  a  prominent  lon- 
gitudinal carina  on  the  inner  surface  ex- 
tending from  the  basal  carina  for  about 
three  fourths  the  length  of  the  sternum; 
sternum  VIII  as  shown  in  Figure  5;  me- 
dian prong  not  as  long  as  in  S.  iridis.  Gen- 
italia.as  in  Figure  5;  compressed  shaft  of 
digitus  in  lateral  view  about  the  same 
width  throughout;  cuspides  long  and  slen- 
der, rounded  apically;  parameres  exceed- 
ing aedeagus  by  less  than  length  of  apical 
enlargement  of  aedeagus. 

Vestiture.  Conspicuous  pale  hairs  up  to 
four  midocellus  diameters  in  length  on 
vertex,  lower  genae,  mesosoma,  and  ter- 
gum I,  but  shorter  and  often  not  as  dense 
on  remainder  of  body.  Coxae,  trochanters, 
and  femora  with  erect  hairs.  Short,  ap- 
pressed  pubescence  restricted  to  legs,  teg- 
ulae,  sclerites  at  base  of  wings,  and  the 
larger  veins  of  both  wings.  Membranes  of 
both  wings  with  widely  spaced  setae,  these 
much  sparser  than  in  S.  iridis,  denser  near 
the  anterior  margins,  absent  from  poste- 
rior portions  of  first  and  second  submar- 
ginal  cells  and  from  most  of  the  median 
cell  of  the  hindwing. 

Color.  Black  and  ferruginous,  exten- 
sively marked  with  yellow. 

Head  black  marked  with  yellow;  la- 
brum,  clypeus,  supraclypeal  area  except 
for  dark  stains  marking  tentorial  pits,  and 
inner  orbits  to  level  of  midocellus  all  yel- 
low. Upper  frons  (between  antennal  sock- 
ets and  midocellus)  with  yellow  of  vari- 
able extent;  typically,  a  pair  of  black  spots 
present  above  antennae,  these  usually 
joined  medially  and  extending  upward  to 
black  area  above  midocellus  and  thereby 
surrounding  a  pair  of  crescent-shaped  yel- 
low spots  separated  medially  by  a  narrow 
wedge  of  black  extending  downward  from 
midocellus;  occasionally,  the  supra-anten- 
nal  black  spots  completely  surrounded  by 
yellow  and  rarely  the  upper  frons  entirely 
black  except  for  the  inner  orbits.  Scape 
yellow  with  a  black  spot  above  and  usu- 
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ally  tinged  with  ferruginous,  especially 
above.  Flagellum  fuscous  and  orange-fer- 
ruginous; flagellomeres  I  to  III  and  XI 
usually  all  or  mostly  orange-ferruginous 
and  others  fuscous,  occasionally  the  or- 
ange more  extensive,  sometimes  extend- 
ing to  lower  surface  of  all  flagellomeres 
and,  in  other  cases,  fuscous  more  exten- 
sive, extending  to  the  dorsal  surface  of  all 
flagellomeres.  Postocular  stripe  always 
present,  yellow,  narrower  above,  and  sep- 
arated from  eye  by  a  narrow  black  line. 
Mandibles  yellow,  dark  apically.  Labial 
and  maxillary  palpi  yellow,  more  or  less 
suffused  with  ferruginous.  Compound  eyes 
pale  brown. 

Mesosoma  mostly  black.  Pronotum  yel- 
low, black  anteriorly;  anterior  black  area 
often  with  a  pair  of  rectangular  posterior 
projections  above;  black  spot  present  near 
each  pronotal  lobe,  this  usually  connected 
both  above  and  below  to  the  anterior  black 
area.  Scutum  black  with  yellow-ferrugi- 
nous lateral  margins.  Tegulae  and  base  of 
wings  ferruginous.  Scutellum  black,  usu- 
ally with  lateral  semicircular  yellow  spots 
narrowly  separated  medially,  spots  some- 
times joined  medially,  yellow  occasionally 
absent.  Metanotum  often  entirely  black, 
sometimes  with  lateral  oblong  yellow  spots 
which  occasionally  meet  medially.  Meso- 
pleuron  with  a  small  yellow  spot  near  pro- 
notal lobe,  this  spot  sometimes  inconspic- 
uous or  absent.  Legs  mostly  yellow,  more 
or  less  suffused  with  ferruginous  especial- 
ly at  the  joints  between  segments;  coxae 
black  with  a  variable  amount  of  ferrugi- 
nous ventrally  and  distally;  trochanters 
ferruginous,  sometimes  black  basally; 
femora  ferruginous,  usually  more  or  less 
yellow  beneath;  claws  dark  apically.  Fore- 
wing  with  marginal  cell  strongly  infu- 
mate,  darker  in  the  anterior  half;  central 
portion  of  forewing  suffused  with  amber, 
basal  and  distal  portions  clear;  entire 
hindwing  clear;  veins  of  both  wings  fer- 
ruginous, those  surrounding  marginal  cell 
darker,  almost  brown. 

Caster  mostly  yellow  with  black  and 
ferruginous    markings.    Anterior    face    of 


tergum  I  black,  often  more  or  less  re- 
placed with  ferruginous  along  posterior 
margin,  and  usually  with  three  posterior 
extensions.  Anterior  margin  of  each  suc- 
ceeding tergum  black,  sometimes  more  or 
less  replaced  with  ferruginous,  with  a  me- 
dial triangular  extension  sometimes  ex- 
tending to  the  apical  margin  as  a  faint 
line.  Terga  I  to  VI  with  apical  translucent 
ferruginous  bands,  these  sometimes  nar- 
rowly interrupted  medially.  Tergum  VII 
extensively  black  anteriorly  with  an  apical 
yellow  band  narrowly  bordered  with  fer- 
ruginous; spiracular  lobes  black  with  a 
rather  broad  partially  transparent  yellow 
margin  apically  and  ventrally.  Sterna  I  to 
VI  black  basally,  often  more  or  less  exten- 
sively replaced  with  ferruginous;  black 
area  with  rounded  triangular  posterior  ex- 
tension medially,  this  more  or  less  contin- 
uous with  translucent  ferruginous  apical 
bands  and  thus  more  or  less  distinctly  de- 
fining the  medial  borders  of  a  pair  of  lat- 
eral yellow  spots,  except  on  sternum  I 
which  is  extensively  ferruginous  and  with- 
out yellow.  Sternum  VII  black  basally  and 
extensively  ferruginous  apically.  Sternum 
VIII  dark  brown  basally  with  ferruginous 
prongs.  Genitalia  more  heavily  pigmented 
than  in  S.  iridis,  brown. 

Female:  Similar  to  male,  usually  larger, 
length  16  to  21  mm. 

Structure.  As  in  male  aside  from  the 
usual  sexual  differences  and  the  following 
exceptions:  antennae  without  tyloids; 
width  across  pronotal  lobes  4.5  to  6  mm; 
forewing  length  13  to  17  mm;  foreleg  with 
well-developed  foretarsal  rake.  Apical  ter- 
gum without  a  pygidial  plate. 

Vestiture.  As  in  male. 

Color.  Similar  to  male;  yellow  areas 
usually  more  extensive  and  black  areas 
often  replaced  with  ferruginous;  black 
spots  above  antennae  smaller,  not  joined 
medially,  and  not  extending  to  black  area 
on  vertex;  antennae  more  extensively  or- 
ange-ferruginous, fuscous  restricted  to 
dorsal  portions  of  pedicel  and  flagello- 
meres V  to  VII  or  less;  black  on  pronotum 
often    much    reduced;    scutellum    mostly 


Figure  5.     Stizus  occidentalis  Parker.  Male  genitalia  in  A.  dorsal,  B.  ventral,  and  C.  lateral  views;  D.  male  sternum  VIII,  ventral 
w\ew. 
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yellow;  spots  of  yellow  or  ferruginous  on 
posterior  face  of  propodeum  sometimes 
present. 

Types:  Holotype  male  Cat.  No.  40847, 
U.S.  National  Museum.  Allotype  female 
in  the  collection  of  the  Philadelphia  Acad- 
emy of  Natural  Sciences. 

Type  Locality:  "Described  from  two 
specimens,  a  male  from  San  Diego  Coun- 
ty, California,  collected  by  Mr.  Coquillett, 
and  a  female  from  Florence,  Arizona" 
(Parker,  1929).  Dow  (1942)  has  suggested 
that  the  holotype  male  "may  really  have 
been  taken  in  what  is  now  Imperial  Coun- 
ty, formerly  the  eastern  part  of  San  Diego 
County."  In  any  event,  S.  occidentalis  is 
now  known  from  both  San  Diego  and  Im- 
perial Counties. 

Distribution:  Stizus  occidentalis  has 
previously  been  recorded  from  California 
and  Arizona,  and  the  range  is  here  ex- 
tended to  include  southern  Nevada  and 
Utah.  Floral  records  include  Acacia,  Da- 
lea,  Pluchea,  Prosopis,  Sarcostemma,  and 
Tamarix.  Collection  dates  range  from 
March  to  July.  I  have  examined  the  fol- 
lowing specimens,  84  males  and  42  fe- 
males: 

ARIZONA:  Coconino  Co..  Grand  Canyon,  Mile 
52,  $,  VI-6-1953  (G.  D.  Butler,  USNM).  Grand  Can- 
yon National  Park,  15  mi  NE  Phantom  Ranch,  $,  V- 
1-1968  (J.  E.  Slansky,  UCD).  Mojave  Co.:  Cattail 
Cove,  9  mi  N  Parker  Dam,  3,  IV-7-1972,  on  flowers 
of  Tamarix  gallica  (B.  Apperson,  BBSL).  Lake  Ha- 
vasu  City,  2,  IV-28-1972  (P.  Torchio,  G.  Bohart,  and 
F.  Parker,  BBSL).  Maricopa  Co.:  Gila  Bend,  18  mi 
S,  (5,  V-8-1965,  on  flowers  of  Prosopis  glandulosa  Torr. 
(M.  A.  Mortenson,  J.  M.  Davidson,  and  M.  A.  Cazier, 
UCD).  Pima  Co.:  Ajo,  3  mi  S,  3,  IV-22-1966,  at  flow- 
ers of  Prosopis  (Torchio,  Rust,  and  Yousef,  BBSL). 
Pinal  Co.:  Florence,  allotype  9,  V-20-1903  (PAS). 
Yuma  Co.:  Yuma,  45  mi  N,  9,  IV-5-1972  (W.  Ap- 
person, BBSL). 

CALIFORNIA:  Imperial  Co.:  Glamis,  on  dunes, 
$,  IV-20-1978  (J.  W.  Stubblefield,  JWS).  Inyo  Co.: 
Ballarat,  <?,  III-26-1961  (D.  R.  Miller,  UCD);  3,  9,  III- 
27-1972,  on  flowers  of  Prosopis  glandulosa  Torr.  (J 

D.  Pinto,  UCR).  Darwin  Falls,  9,  V-8-1958  (R.  M 
Bohart,  UCD);  5  S,  V-8-1958  (A.  E.  Menke,  UCD) 
<5,  V-8-1958  (A.  E.  Menke,  LACM);  9,  V-8-1958  (L 
A.  Stange,  UCD);  9,  V-6-1961  (F.  D.  Parker,  UCD) 
<3,  V-21-1965  (A.  S.  Menke,  UCD);  7  3,  IV-9-1972  (G 

E.  Bohart,  UCD).  Death  Valley  Junction,  3  mi  W,  3 
V-I7-1970  (R.    M.    Bohart,   UCD).    Furnace   Creek 


Death  Valley,  <5,  III-25-1961  (V.  L.  Vesterby,  UCD). 
Grotto  Canyon,  Death  Valley,  2  3,  9,  IV-22,  23-1976 
on  flowers  of  Sarcostemma  hirtellum  (Gray)  (J.  W, 
Stubblefield,  JWS).  Mormon  Hill,  Death  Valley,  3  3, 
III-25-1961  (V.  L.  Vesterby,  UCD);  4  3,  III-29-1961 
(M.  E.  Irwin,  UCD).  Panamint  Mountains,  3,  V-28- 
1937  (C.  D.  Michener,  MCZ);  2  9,  V-29-1937  (N.  W. 
Frazier,  MCZ).  Panamint  Valley,  3  9,  V-1,  2-1976 
(J.  W.  Stubblefield,  JWS).  Post  Office  Spring  (near 
Ballarat),  1,080  ft,  9,  IV-9-1972,  on  flowers  of  Pro- 
sopis glandulosa  Torr.  (J.  W.  Stubblefield,  JWS).  Sa- 
hne  Valley,  Morning  Sun  Mill  Site,  9,  IV-21-1973  (G. 
W.  Akin,  JWS).  Saratoga  Spring,  Death  Valley,  2  3, 
III-30-1956  (Belkin  and  MacDonald,  LACM);  2  3, 
III-29-1961  (R.  D.  Nelson,  LACM);  2  3,  2  9,  III-30- 
1961  (D.  R.  Miller,  UCD);  3,  9,  III-30-1961  (V,  L. 
Vesterby,  UCD);  9,  V-20-1965  (A.  S.  Menke,  L.  A. 
Stange,  UCD).  Stovepipe  Wells,  on  nearby  dunes,  9, 
IV-23-1976,  on  flowers  of  Prosopis  glandulosa  Torr. 
(J.  W.  Stubblefield,  JWS).  Surprise  Canvon,  Pana- 
mint Mts.,  10  3,  7  9,  V-9-1958  (R.  M.  Bohart,  UCD); 
5  3,  9,  V-9-1958  (A.  E.  Menke,  UCD);  5,  V-9-1958 
(A.  E.  Menke,  LACM);  4  3,  9,  V-9-1958  (L.  A.  Stange, 
UCD);  3  3,  V-9-1958  (M.  A.  Stange,  UCD).  Wild 
Rose,  Panamint  Mts.,  9,  V-20-1937  (UCD).  San  Ber- 
nardino Co.:  Cronise  Valley,  3  9,  V-5-1960  (F.  D. 
Parker,  UCD).  Salt  Creek  (north  of  Baker),  9,  V-7- 
1973,  on  flowers  of  Prosopis  glandulosa  Torr.  (J.  W. 
Stubblefield,  JWS);  2  3,  V-7-1973,  on  flowers  of  Ta- 
marix (J.  W.  Stubblefield,  JWS);  3  9,  IV-23,  24-1976, 
on  flowers  of  Prosopis  glandulosa  Torr.  (J.  W.  Stub- 
blefield, JWS);  2  9,  IV-23- 1978,  on  flowers  of  Proso- 
pis glandulosa  Torr.  (J.  W.  Stubblefield,  JWS).  San 
Diego  Co.:  Borrego,  3,  IV-20-1951  (C.  D.  MacNeill, 
MCZ). 

NEVADA:  Clark  Co.:  Glendale,  20  mi  W,  9,  VI- 
2-1973  (P.  F.  Torchio,  BBSL);  2  3,  IV-29-1975  (F. 
Parker  and  P.  Torchio,  BBSL).  Moapa,  7  mi  NW,  3, 
on  flowers  of  Prosopis  (R.  C.  Bechtel,  USNM).  Valley 
of  Fire,  3,  IV-29-1982,  at  flowers  of  Dalea  (P.  F. 
Torchio,  BBSL). 

UTAH:  Emery  Co.:  Buckskin  Spring  N  of  Goblin 
Valley,  5,100  ft,  3,  VI-14-1983  (T.  L.  Griswold,  BBSL); 
3  3,  VI-15-1983,  at  flowers  of  Tamarix  (J.  W.  Stub- 
blefield, JWS).  North  Temple  Wash,  San  Rafael  Des- 
ert, 5,100  ft,  3,  VI-15-1983,  at  flowers  of  Tamarix  (J. 
W.  Stubblefield,  JWS).  Wild  Horse  Creek  N  of  Gob- 
lin Valley,  4,900  ft,  3,  VII-25  to  28-1983  (F.  D.  Par- 
ker and  T.  L.  Griswold,  BBSL).  Woman  Wash,  San 
Rafael  Desert,  5,000  ft,  4  3,  VI-15-1983  (T.  L.  Gris- 
wold, BBSL);  3  3,  (J.  W.  Stubblefield,  JWS).  Wash- 
ington Co.:  St.  George,  9,  VI-23-1961  (G.  F.  Knowl- 
ton,  UCD). 

Remarks:  Stizus  occidentalis  is  closely 
related  to  S.  iridis  but  is  easily  separated 
by  its  mostly  black  mesosoma.  Both  are 
desert  species  and  inhabit  similar  ranges, 
but  S.  occidentalis  flies  earlier  in  the  year 
and  mostly  at  lower  elevations  than  S.  iri- 
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dis.  S.  occidentalis  is  by  far  the  most  fre-  occidentalis;  width  across  pronotal  lobes  6 

quently  collected  western  species  and  is  to  6.5  mm.  Parapsidal  lines  not  extending 

often  common  about  the  flowers  of  Pro-  to  the  posterior  margin  of  the  scutum,  each 

sopis  during  March,  April,  and  May  in  the  represented  by  a  very  slender  carina  be- 

Death  Valley  region  of  eastern  California,  side  an  extremely  fine  impression;  oblique 

scutal  carina  present,  delimiting  a   pos- 

_^.        .  ...    r^  terolateral  declivity  distinctly  anterior  to 

Stizus  iridis  Dow  ^     .               .    ^  r        .Ji-. 

posterior  margm  ot  scutum,  declivity 

1942  Stizus  iridis  Dow,  Psyche  48:  171-176,  180  largely  horizontal  with  posterior  margin 

(key),  figs.  1,  3,  5.  $.  produced  into  a  distinct  lobe.  Propodeum 

1976  stizus  iridis ^ov^  Dow  Proc.  Ent.  Soc.  Wash-  ^^^hout  a  pair  of  carinae  on  lower  poste- 

ington,  78:  65-66.  Nest  and  prey.  .        .            £,             .         ,          .11-7.10 

nor  race.  Forewing  length  17  to  18  mm; 

The  following  description  has  been  ex-  first    transverse    cubital    vein    practically 

tensively  modified  from  Dow  (1941)  in  or-  straight.  Legs  more  slender  than  in  S.  oc- 

der  to  include  additional  characters  and  cidentalis;  foretarsal  rake  poorly  devel- 

such  variation  as  I  have  observed.  A  de-  oped. 

scription  of  the  female  appears  here  for  Caster  with  tergum  I  flattened  ante- 
the  first  time.  riorly,  roundly  angulate  anteriorly  in  dor- 
Male:  Length  20  to  25  mm.  sal  aspect,  the  concave  sides  parallel  to- 
Structure.  Head  in  facial  view  with  the  wards  base  as  seen  from  above,  diverging 
lateral  ocelli  clearly  projecting  above  the  posteriorly.  Sternum  VII  with  a  promi- 
nearly  straight  vertex.  Compound  eyes  nent  median  longitudinal  carina  on  the  in- 
nearest  to  each  other  where  they  meet  the  ner  surface  extending  from  the  basal  ca- 
clypeus.  Clypeus  emarginate  anteriorly  rina  for  about  three  fourths  the  length  of 
and  distinctly  but  shallowly  so  posteriorly;  the  sternum,  visible  externally  as  a  fine 
supra-clypeal  area  posteriorly  about  three  ferruginous  line;  sternum  VIII  as  in  Fig- 
times  as  broad  as  long.  Antennal  sockets  ure  6,  median  prong  longer  than  in  S.  oc- 
separated  from  the  compound  eyes  and  cidentalis.  Genitalia  as  in  Figure  6;  com- 
from  each  other  by  somewhat  less  than  pressed  shaft  of  digitus  in  lateral  view 
their  transverse  diameter;  space  between  strongly  emarginate  on  ventral  margin; 
antennal  sockets  with  a  low  ridge,  more  cuspides  long  and  slender,  rounded  api- 
or  less  carinate  posteriorly.  Median  frontal  cally;  parameres  exceeding  apex  of  aedea- 
depression  broad,  surrounding  anterior  gus  by  more  than  length  of  apical  enlarge- 
ocellus;  lateral  ocelli  separated  from  the  ment  of  aedeagus. 

eyes  by  one  and  one  half  times  their  di-  Vestiture.  Shorter  and  less  conspicuous 

ameter,  and  from  each  other  by  twice  their  than  in  S.  occidentalis;  pale  hairs  gener- 

diameter:   posterolateral  margin  of  each  ally  distributed,  longer  than  elsewhere  on 

lateral  ocellus  bordered  by  an  impressed  posterior  half  of  clypeus,  sides  of  the  su- 

line  which  continues  posteriorly  in  a  me-  praclypeal  area,  anterior  portion  of  supra- 

dially  concave  curve  to  the  vertical  face  antennal  area,  vertex  and  adjacent  occi- 

of  the  occiput.   Flagellorneres  VII   to  X  .    j^^^j.  portions  of  genae,  lower  lateral 

much   shorter  than   the   four   preceding;  ^^^  ^^^^^^j          .^^^  ^f  mesopleura,  pos- 

flagelomere  VII  about  two-thirds  as  long  ^^^.^^               ^^  ^^^  propodeum,  and  ter- 

as  VI;  apical  flagellomere  tapering  to  a  ta               ju                    •-..Ji. 

jj^              5      1^                   .-••-u-  gum  I.  Appressed  pubescence  restricted  to 

rounded  apex  and  not  emarginate  within:  f ""'         ^^         ...^         ,     .^            ,  , 

tyloids  present  as  linear  carinae  on  fla-  legs,  tegulae   axillary  sclentes,  and  larger 

gellomeres  IV  to  XI,  that  on  III  very  short,  veins  of  both  wings.  Membranes  of  both 

practically  a  tubercle.  wings  with  numerous  setae  which  tend  to 

Mesosoma  more  angulate  anteriorly  and  be  denser  near  the  costal  margins,  but  ab- 

broader  behind  in  dorsal  view  than  in  S.  sent  from  the  posterior  portion  of  the  sec- 
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ond  submarginal  cell  and  adjacent  por- 
tions of  neighboring  cells. 

Color.  Yellow  marked  with  black  and 
ferruginous. 

Head  yellow  with  the  following  excep- 
tions: mandibles  dark  brown  at  apex  with 
a  ferruginous  line  along  inner  margin;  a 
dark  spot  above  each  antenna,  variable  in 
size,  often  inconspicuous  and  sometimes 
absent;  transverse  black  band  on  vertex, 
variable  in  width,  sometimes  shading  to 
ferruginous  laterally,  sometimes  not  quite 
reaching  compound  eyes,  sometimes  with 
anterior  pointed  extensions  laterally;  a  pair 
of  black  or  ferruginous  bands  on  occiput 
connecting  sides  of  transverse  band  on 
vertex  with  an  extensive  black  area  sur- 
rounding occipital  foramen,  bands  some- 
times poorly  developed  or  absent;  ferru- 
ginous extensions  of  variable  intensity 
extending  posteriorly  from  lateral  ocelli 
sometimes  present.  Antennae  with  scape 
above,  pedicel,  and  flagellum  ferruginous; 
flagellum  shading  to  black  above  and  to 
orange  toward  apex. 

Mesosoma  mostly  yellow.  Pronotum 
with  a  black  transverse  band  anteriorly, 
sometimes  shading  to  ferruginous  lateral- 
ly. Disk  of  scutum  and  anterior  margin 
between  pronotal  lobes  black,  marked  with 
two  narrow  yellowish  longitudinal  stripes, 
or  two  large  spots  of  reddish  brown,  or 
various  intermediate  patterns,  or  simply 
black.  Anterior  margin  of  propodeum  with 
a  narrow  black  band,  somewhat  variable 
in  width,  and  often  with  a  pointed  median 
extension:  sutures  of  propodeum  marked 
with  black  lines,  sometimes  partly  obso- 
lete, these  meet  on  posterior  surface  at  a 
black  line  extending  upward  along  the 
median  groove.  Propleura  ranging  from 
black  with  a  small  yellow  spot  near  fore- 
coxa  to  mostly  yellow.  Ventral  portion  of 
mesopleura  with  a  large  dark  spot,  vary- 
ing from  black  to  partly  or  entirely  fer- 
ruginous, often  interrupted  medially, 
rather  variable  in  shape,  narrowly  sepa- 
rated posteriorly  from  a  dark  spot  near 
ventral  end  of  the  meso-metapleural  su- 


ture; remainder  of  mesopleura,  except 
dorsally,  suffused  with  orange  of  variable 
intensity.  Meso-metapleural  and  meta- 
pleural-propodeal  sutures  marked  with 
black  lines.  Metasternum  yellow  with 
black  markings  of  variable  shape  and  ex- 
tent. All  coxae  black  basally,  at  least  an- 
teriorly, sometimes  shading  to  ferrugi- 
nous; remainder  of  legs  partly  suffused 
with  orange.  Forewing  with  veins  and 
membrane  yellowish  basally,  and  some- 
what ferruginous  in  the  region  of  the  first 
submarginal  and  marginal  cells,  the  latter 
with  a  dark  streak  in  the  anterior  half; 
hindwing  yellowish. 

Caster  mostly  yellow;  tergum  I  with 
anterior  face  more  or  less  ferruginous,  with 
a  black  basal  portion  usually  with  a  nar- 
row median  projection  and  broad  lateral 
extensions,  sometimes  lateral  or  median 
extensions  poorly  developed  or  absent; 
apical  and  to  some  extent  lateral  margins 
of  all  terga  orange;  basal  margins  of  terga 
II  to  V  orange  or  black  (always  black  on 
terga  IV  and  V)  each  with  a  triangular 
median  extension  of  the  same  color.  Ster- 
na variously  marked  with  orange  and 
black.  Genitalia  yellowish. 

Female:  Similar  to  male,  usually  larger, 
length  21  to  28  mm. 

Structure.  As  in  male,  aside  from  the 
usual  sexual  differences  and  the  following 
exceptions:  supraclypeal  area  relatively 
shorter;  compound  eyes  nearest  to  each 
other  above  the  clypeus,  antennae  without 
tyloids;  foretarsal  rake  well  developed. 
Width  across  pronotal  lobes  6  to  6.5  mm; 
forewing  length  18  to  21  mm.  Apical  ter- 
gum without  pygidial  plate. 

Vestiture.  As  in  male. 

Color.  As  in  male  with  the  following 
exceptions:  black  on  vertex  sometimes  re- 
placed with  ferruginous,  lateral  margins 
usually  ferruginous;  black  area  surround- 
ing occipital  foramen  reduced,  lateral 
connections  with  vertex  absent,  faint  pos- 
terior projections  from  lateral  ocelli  some- 
times present;  flagellum  more  extensively 
orange,    sometimes    entirely    so;    scutum 


Figure  6.     Stizus  iridis  Dow.  Male  genitalia  in  A.  dorsal,  B.  ventral,  and  C.  lateral  views;  D.  male  sternum  VIII,  ventral  view. 
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never  entirely  black;  propleura  more  ex- 
tensively yellow,  black  sometimes  re- 
placed with  ferruginous;  mesopleura  with 
black  much  reduced  or  absent,  often  en- 
tire ventral  portion  suffused  with  orange; 
black  lines  marking  meso-metapleural  and 
metapleural-propodeal  sutures  sometimes 
partially  obsolete;  black  of  metasternum 
replaced  with  ferruginous;  dark  streak  in 
anterior  half  of  marginal  cell  occasionally 
not  evident;  black  area  of  tergum  I  often 
much  reduced;  black  on  sterna  often  re- 
duced or  absent. 

Types:  Male  holotype  No.  23397  and 
male  paratype  in  the  Museum  of  Com- 
parative Zoology,  Harvard  University.  One 
male  paratype.  No.  55828,  in  the  U.S.  Na- 
tional Museum. 

Type  Locality:  Cited  as  Rainbow  Bridge 
National  Monument,  San  Juan  County, 
Utah  in  Dow  (1942)  and  the  types  bear 
this  locality.  Dow  (1976),  however,  relo- 
cated the  type  locality  and  found  it  to  be 
on  the  Navajo  Indian  Reservation  one  half 
mile  NNE  of  Rainbow  Bridge,  clearly  be- 
yond the  boundaries  of  the  National  Mon- 
ument. 

Distribution:  Stizus  iridis  has  been  pre- 
viously recorded  only  from  the  type  lo- 
cality in  Utah,  and  the  range  is  here  ex- 
tended to  include  portions  of  Arizona  and 
California.  Collection  dates  range  from 
July  to  September,  and  floral  records  in- 
clude the  genera  Asclepias,  Clematis, 
Melilotus,  and  Tamarix. 

I  have  examined  the  following  speci- 
mens, 11  males  and  7  females: 

ARIZONA:  Coconino  Co..  Cliff  Dwellers  Lodge, 
S,  VII-8-1967,  on  flowers  of  Tamarix  pentandra  Pall 
(J.  H.  Davidson,  J.  M.  Davidson,  M.  A.  Cazier,  UCD). 

CALIFORNIA:  Inyo  Co.:  Antelope  Spring,  9,  VII- 
16-1960  (H.  K.  Court,  UCD);  2,  VIII-1 1-1960  (H,  K. 
Court,  UCD).  Bishop,  15  mi  N,  <?,  VIII-5-1948  (P.  D. 
Hurd  and  J.  W.  MacSwain,  MCZ).  Limekiln  Spring, 
Surprise  Canyon,  4,000  ft,  6,  VII-5-I97I,  on  flowers 
of  Melilotus  albus  Desr.  (J.  W.  Stubblefield,  JWS). 
Narrows  of  Surprise  Canyon,  3,600  ft,  9,  VIII-9-1971, 
on  flowers  of  Melilotus  albus  Desr.  (J.  W.  Stubble- 
field,  JWS).  Slaughterhouse  Spring  (in  Panamint  City), 
6,400  ft,  2  6,  VII-26-1971,  on  flowers  of  Clematis 
ligusticifolia  (J.  W.  Stubblefield,  JWS);  6,  VII-26-1971, 
on  flowers  of  Asclepias  fascicularis  Dene,  in  A.  DC. 


(J.  W.  Stubblefield,  JWS);  3,  VII-30-1971,  on  flowers 
of  Clematis  ligusticifolia  (J.  W.  Stubblefield,  UCD); 
9,  VII-30-1971,  on  flowers  of  Clematis  ligusticifolia 
(J.  W.  Stubblefield,  JWS).  Spring  above  Thompson 
Camp,  Panamint  Mts.  (upper  Surprise  Canyon,  ac- 
tually Water  Canyon),  6,800  ft,  5,  VII-22-1971  (J.  W. 
Stubblefield,  JWS).  San  Diego  Co..  Julian,  9,  VII-4- 
1962  (J.  H.  Froebe,  UCD). 

UTAH:  Emery  Co.:  Capitol  Reef,  E  edge,  9,  IX- 
15-1979  (F.  Parker  and  D.  Veirs,  BBSL).  Goblin  Val- 
ley State  Reserve,  2  mi  N,  5,000  ft,  6,  VIII-25-1982 
(A.  S.  Menke,  K.  A.  Menke,  and  F.  D.  Parker).  Little 
Gilsen  Butte,  5,000  to  5,100  ft,  S,  VIII-24  to  27-1980 
(F.  D.  Parker  and  T.  L.  Griswold,  BBSL);  2  mi  E, 
5,100  ft,  S,  9,  VIII-24  to  26-1981  (Veirs,  Griswold, 
and  Parker,  BBSL).  Wild  Horse  Creek  N  of  Goblin 
Valley,  4,900  ft,  <?,  VII-23-1982  (Parker  and  Gris- 
wold, BBSL);  9,  3  6,  VII-25  to  28-1983  (Parker  and 
Griswold,  BBSL);  4,800  ft,  .5,  9,  VII-26  to  28-1982 
(Parker  and  Griswold,  BBSL).  San  Juan  Co.:  Rain- 
bow Bridge  National  Monument,  3  3,  VII-16-1935 
(C.  T.  Brues,  holotype  No.  23397  and  paratype,  MCZ; 
paratype  No.  55828,  USNM). 

Remarks:  Stizus  iridis  is  closely  related 
to  S.  occidentalis  but  differs  from  that 
species  in  a  number  of  details  and  can  be 
immediately  recognized  by  its  much  more 
extensive  yellow  coloration.  The  two 
species  are  ecologically  quite  distinct.  In 
Inyo  Co.,  California,  where  I  have  ob- 
served both  species  in  the  field,  S.  iridis  is 
a  summer  species  of  desert  mountain 
ranges,  while  S.  occidentalis  is  a  vernal 
species  of  the  surrounding  valleys.  The  two 
species  are  locally  sympatric  in  the  San 
Rafael  Desert  of  Utah  where  they  have 
been  collected  together  in  late  July.  Aside 
from  this  remarkably  late  record  for  S. 
occidentalis,  collection  dates  for  S.  occi- 
dentalis range  from  March  to  June,  while 
those  for  S.  iridis  range  from  July  to  Sep- 
tember. The  nesting  biology  of  S.  occi- 
dentalis remains  unknown,  but  Dow 
(1976)  has  reported  on  two  active  nests  of 
S.  iridis.  Both  nests  consisted  of  a  sloping 
tunnel  terminating  in  a  single  cell  stocked 
with  adult  acridids  of  the  genus  Trimer- 
otropis. 
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THE  SPINY  ORB-WEAVER  GENERA  MICRATHENA  AND 
CHAETACIS  (ARANEAE:  ARANEIDAE) 


HERBERT  W.  LEVP 

Abstract.  Micrathena  and  Chaetacis,  members  of  the  subfamily  Gasteracanthinae,  share  two  specialized 
characters:  fourth  femora  longer  than  first  and  book-lung  covers  with  stridulatory  ridges.  Along  with  other 
gasteracanthine  species,  they  have  a  sclerotized  ring  around  the  spinnerets  and  a  paramedian  apophysis  in  the 
palpus.  Both  genera  are  neotropical,  with  only  few  species  of  Micrathena  extending  their  ranges  into  the 
nearctic  region. 

A  function  of  the  spines  on  the  abdomen  might  be  to  disguise  the  spider's  outline  when  resting  in  the  web. 

There  are  104  species  of  Micrathena  and  nine  species  of  Chaetacis.  Twenty-nine  species  of  Micrathena  are 
new  and  four  of  Chaetacis:  M.  glyptogonoides  from  central  and  northern  f^exico;  M.  lenca,  M.  tziscao,  M. 
petrunkevitchi,  and  M.  margerita  from  Chiapas,  Mexico;  M.  banksi  from  Cuba;  M.  gurupi  from  Suriname;  M. 
kochalkai,  M.  atuncela,  M.  bogota,  M.  marta,  M.  anchicaya  from  Colombia;  M.  pilaton,  M.  balzapamba,  M. 
guayas,  M.  pichincha  from  Eucador;  M.  huanuco,  M.  ex/Znae  from  Peru;  M.  ucayali,  M.  embira,  M.  coca  from 
the  upper  Amazon;  M.  bananal,  M.  alvarengai  from  Mato  Grosso,  Brazil;  M.  reali,  M.  teresopolis,  M.  guanabara, 
M.  jundiai,  M.  scares/ from  southeastern  Brazil;  and  M.  coroico  from  Bolivia;  Chaetacis  osa  from  Costa  Rica; 
C.  carimagua  from  Colombia  and  Venezuela;  and  C.  cucharas  and  C.  woytkowskii  Uom  Peru. 

Ildibaha  is  a  new  subjective  synonym  of  Micrathena. 

Misplaced  species  are  Micrathena  beta  di  Caporiacco,  a  linyphiid;  M.  conspicua  and  M.  necopinata,  which 
are  Chaetacis;  and  Chaetacis  rouxi,  a  Micrathena.  There  are  93  new  synonyms  of  Micrathena  names,  some 
uncertain  because  of  difficulty  in  matching  sexes  and  immatures  with  adults,  others  uncertain  because  of 
difficulty  interpreting  old  Walckenaer's  descriptions. 


INTRODUCTION 

The  genus  Micrathena  contains  many 
species  of  tropical,  woodland  orb-weavers 
which  are  diurnal  in  habits,  spiny  and 
often  strikingly  colored.  Most  species  can- 
not readily  be  determined.  They  have 
been  known  for  two  hundred  years;  names 
and  descriptions  date  back  to  Linnaeus. 
Among  the  earliest  descriptions  are  those 
of  Perty,  with  good  accompanying  illus- 
trations. Perty's  drawings,  like  those  of 
Hahn  and  C.  L.  Koch,  are  readily  recog- 
nizable depictions  of  Micrathena  species. 
Confusion  arose  when  Walckenaer  based 
names  on  illustrations  of  his  that  were 
never  published,  and  apparently  are  lost.^ 


'  Museum  of  Comparative  Zoology,  Harvard  Uni- 
versity, Cambridge,  Massachusetts  02138. 

^  They  could  not  be  found  in  the  Laboratory  of 
Arachnids,  Laboratory  of  Entomology,  nor  in  the 
central  Librarv  of  the  Museum  Nationial  d'Histoire 


His  inadequate,  often  contradictory  de- 
scriptions are  difficult  to  match  with  spec- 
imens. Despite  Reimoser's  (1917)  studies 
and  comparisons,  and  Chickering's  five 
papers  on  the  genus,  Micrathena  re- 
mained in  a  state  of  confusion. 

My  predecessors  were  hampered  in  their 
work:  Reimoser's  collections  were  small, 
and  types  of  many  names  were  not  avail- 
able to  him.  Thus,  he  accidentally  gave 
new  names  to  species  described  previously 
by  Simon  and  Strand,  authors  who  did  not 
illustrate  their  new  species.  Chickering 
(1960-1964)  failed  to  indicate  how  he  sep- 
arated the  many  related  species.  Even 
within  the  last  fifty  years  additional  species 
have  been  described  and  named  from  im- 
mature specimens  that  do  not  show  diag- 
nostic characters  of  adults;  other  descrip- 


Naturelle,  Paris,  nor  in  the  Library  of  the  British 
Museum  (Natural  History). 
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tions  lack  the  essential  illustrations.  Are 
these  all  distinct  species  or  redescriptions 
of  previously  described  ones? 

One  purpose  of  this  revision  was  to  see 
whether  the  very  dimorphous  males  and 
females  could  be  associated  (Plates  1,2). 
Of  the  180  species  of  Micrathena  listed  in 
catalogs,  only  six  were  known  from  both 
females  and  males;  139  from  females 
alone,  26  from  males;  and  3  from  imma- 
tures  (Roewer,  1942;  Brignoli,  1983). ^  Only 
recently  was  Chickering  (1960,  1961)  able 
to  match  males  and  females  of  another 
four  species. 

Another  question  to  be  addressed  con- 
cerns the  function  of  the  spectacular  spines 
on  the  abdomen  (Plates  1,2):  Do  they  pro- 
vide a  defense  against  predatory  wasps, 
lizards  or  birds?  More  important,  how  does 
the  genus  fit  into  the  evolutionary  schema 
of  the  Araneoidea?  Is  their  inability  to  at- 
tack-wrap prey,  as  do  other  orb-weaving 
spiders  (Robinson,  1975;  Eberhard,  1982), 
really  a  primitive  character? 

This  is  the  first  in  a  series  of  papers  pre- 
senting revisions  of  tropical  American  orb- 
weavers  of  the  families  Araneidae,  and 
Tetragnathidae. 
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Plate  1 .     Upper  row,  left.  Web  of  Micrathena  molesta;  orb  about  8  cm  diameter.  Right.  M.  schreibersi  in  web.  Middle  row,  left. 
M.  funebris.  Right.  M.  furcula  with  egg-sac.  Bottom  row.  M.  sexspinosa.  Left.  Female.  Right.  Male. 

(Photo  credits,  upper  left  and  middle  row,  right;  J.  Coddington;  middle  row,  left:  W.  Maddison.) 
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METHODS 

Examination  and  Illustrations.  Reflec- 
tions make  it  difficult  to  examine  the 
sculpturing  of  a  dark  structure  with  a  ste- 
reoscopic dissecting  microscope  at  fairly 
high  power  and  under  intense  illumina- 
tion. To  avoid  reflections,  female  Mi- 
crathena  specimens  were  positioned  on 
black  silicon  carbide  (Carborundum®; 


Opell,  1983)  in  order  to  illustrate  the  epig- 
ynum  and  the  dorsal  and  lateral  views  of 
the  body.  Later  the  specimens  were  trans- 
ferred to  a  substrate  of  pale  sand  for 
drawing  the  profile  of  the  epigynum  and 
for  measuring.  Male  palpi  were  illustrated 
while  first  on  white  paraffin  with  suitable 
depressions  to  observe  the  outline,  then 
moved  to  black  for  studying  the  structure. 
Reflections  could  be  further  reduced  by 
placing  the  palpus  into  a  deep  hole  carved 
in  the  black  paraffin.  A  Dolan-Jenner  Fi- 
ber Lite  (System  181-1)  was  used  for  il- 
lumination. This  transmits  a  small  but 
strong  light  beam  from  each  of  its  two 
flexible  arms;  for  illustrating,  the  right  arm 
can  be  pushed  aside  to  permit  illumina- 
tion from  the  upper  left  only. 

The  epigyna  were  placed  in  approxi- 
mately the  same  positions  to  permit  com- 
parison. Palpi  were  illustrated  in  mesal 
view  and  showing  the  paracymbium  in 
lateral  view.  In  lateral  view  the  palpi  were 
positioned  so  that  the  tip  of  the  conductor 
or  median  apophysis  were  barely  visible, 
allowing  easier  repetition  and  comparison 
with  others  (Figs.  25,  497,  572). 

Illustrations  were  made  of  the  internal 
female  genitalia  of  some  species,  but  were 
discontinued  when  they  were  found  to  be 
of  little  aid  in  separating  species,  as  they 
only  supported  characters  found  in  the 
three-dimensional  epigyna. 

The  drawings  of  epigyna  are  unortho- 
dox in  having  the  venter  up  in  posterior 
view,  and  facing  left  in  profile  illustra- 
tions (Figs.  3-5).  Had  they  been  drawn 
conventionally  (venter  down,  dorsum  up), 
the  body  would  have  shadowed  the  light 
coming  from  the  upper  left.  The  epigy- 
num was  not  removed  from  the  specimen 
for  illustration. 

Measurements.  Total  length  was  mea- 
sured from  the  clypeus  to  the  midline  at 
the  end  of  the  abdomen,  between  the  pos- 
terior spines.  Leg  article  measurements 
were  made  on  the  intact  specimen  in  sand. 
Thus,  figures  are  estimates  to  one  tenth  of 
a  millimeter  because  of  error  in  parallax, 
measuring  different  aspects  of  the  article. 
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and  because  of  measuring  with  a  400 
square  grid  reticle  eyepiece  at  low  power. 
Measurements  to  one  hundredth  of  a  mil- 
limeter (as  reported  in  many  current  re- 
visions) would  necessitate  the  amputation 
of  legs  and  mounting  on  a  slide  for  ex- 
amination at  high  power  to  permit  repe- 
tition of  the  same  measurements. 

Mapping.  Finding  collecting  localities 
is  always  difficult  because  of  poorly  hand- 
written labels,  misspellings,  localities  with 
similar  names,  and  changes  in  locality 
names  and  spellings.  To  find  names  the 
following  were  used:  gazetteers  of  the 
Geographic  Society  Index  to  Maps  of  His- 
panic America,  published  1944;  the  gaz- 
etteers of  the  U.S.  Board  of  Geographic 
Names  published  by  the  U.S.  Government 
for  Latin  American  countries,  1954-1963. 
For  nineteenth  century  Mexican  and  Cen- 
tral American  localities,  Selander  and 
Vaurie  (1962)  is  useful.  Most  imporant  are 
the  Ornithological  Gazetteers  currently 
published  for  South  American  countries 
and  available  from  the  Bird  Department 
of  the  Museum  of  Comparative  Zoology. 
The  ornithological  gazetteers  give  nine- 
teenth century  collecting  sites  of  birds, 
many  of  which  are  the  same  for  spiders. 

Literature  citations  of  lists  of  spiders 
found  were  not  used,  since  experience  has 
shown  that  many  are  misidentified.  Only 
recently  a  list  of  spiders  for  a  North  Amer- 
ican state  was  published,  containing  er- 
roneous records  and  names  long  ago  syn- 
onymized.  While  Micrathena  sagittata 
appears  on  faunal  lists  of  the  West  Indies, 
no  specimens  were  found  in  collections; 
collections  include  only  the  similar  M. 
militaris.  It  is  an  almost  hopeless  task  to 
expunge  such  misidentifications  from  cat- 
alogs. 

Associating  Males  with  Females.  The 
biggest  problem  in  the  genus  is  matching 
males  and  females  (Plates  1,2).  The  fol- 
lowing assumptions  and  procedures  were 
used: 

The  first  step  was  to  sort  females  into 
species  groups  and  to  associate  each  male 
with  a  species  group.  Females  from  trop- 


ical America  were  sorted  into  species 
groups  using  the  form  of  the  epigynum  as 
the  predominating  character.  When  plac- 
ing the  four  species  occurring  north  of 
Mexico  by  this  criterion,  it  was  found  that 
each  belonged  to  a  different  group.  It  was 
assumed  that  males  and  females  of  the  four 
well-known  species  from  north  of  Mexico 
were  correctly  matched  (Levi,  1978).  This 
assumption  provided  information  on  the 
form  of  the  palpus  for  the  three  groups 
containing  most  species.  The  fourth  species 
group,  the  funebris  group,  contained  only 
M.  funebris.  Next,  it  was  assumed  that  the 
common  M.  schreibersi  and  M.  sexspi- 
nosa  had  been  matched  correctly  by 
Chickering,  providing  information  on 
males  of  two  additional  species  groups. 
Males  not  belonging  to  any  of  the  above 
groups  were  then  assumed  to  represent  the 
triangularispinosa  and  lepidoptera 
groups.  To  match  males  of  these  last  two 
groups  proved  most  difficult  and  time 
consuming. 

The  next  step  was  to  match  collecting 
sites  of  males  and  females  of  the  same 
group.  However,  because  several  related 
species  may  have  overlapping  distribu- 
tions, associating  even  those  males  and  fe- 
males collected  together  is  not  reliable.  It 
is  here  that  mistakes  may  have  been  made. 
Also,  some  commonly  occurring  males 
were  eventually  matched  to  commonly 
occurring  females;  some  were  matched  by 
elimination,  others  because  of  similar  col- 
or of  the  sternum.  Any  attempt  at  associ- 
ating males  with  females  is  more  likely  to 
be  correct  if  done  within  the  framework 
of  a  revision  rather  than  as  a  result  of  cas- 
ual field  collecting.  Still,  I  hope  that  field 
work  and  observed  matings  will  show 
whether  my  pairs  are  correct. 

New  Species.  New  species  were  named 
only  if  both  the  genitalia  and  the  carapace 
or  abdomen  differed.  It  is  often  difficult 
to  decide  whether  a  single  specimen  with 
aberrant  genitalia,  unusual  texture  of  the 
abdomen,  or  additional  spines  represents 
a  new  species  or  variability  within  one 
species. 
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Plate  2.     Upper  row,  left.  Micrathena  clypeata.  Right.  M.  lepidoptera.  Middle  row,  left.  M.  molesta  with  parasitic  mite  on  right 
anterior  of  abdomen.  Right.  M.  saccata.  Bottom  row.  M.  thserrata.  Left.  Female.  Right.  Male. 

(Photo  credits.  Upper  row,  right:  J.  Coddington.  Middle  row,  right:  A.  Aiello.  Bottom  row:  W.  Maddlson.) 
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RELATIONSHIPS 

Micrathena  and  Chaetacis  have  always 
been  thought  closely  related,  but  their  re- 
lationship to  other  araneids  has  been  con- 
sidered uncertain.  Simon  (1895)  placed 
Micrathena  in  h's  large  family  Argiopi- 
dae  (including  Tetragnathidae  and  Liny- 
phiidae),  subfamily  Argiopinae,  group 
Micratheneae.  F.  P. -Cambridge  (1904)  di- 
vided the  family  into  subfamilies:  Therid- 
iosomatinae,  Linyphiinae,  Tetragnathi- 
nae,  Metinae,  Nephilinae,  Argiopinae, 
Araneinae,  and  Gasteracanthinae  (includ- 
ing Micrathena).  The  first  five  are  now 
considered  families,  the  last  three  subfam- 
ilies. Dahl  (1913)  split  the  family,  creating 
12  subfamilies  in  the  Araneidae,  and  sep- 
arating Gasteracanthinae  and  Micrathe- 
neinae  without  explanation. 

The  synapomorphous  characters  which 
unite  Micrathena  and  Chaetacis  are: 

1.  Micrathena  and  Chaetacis  have  a 
stridulatory  surface  on  the  book-lung  cov- 
ers (absent,  perhaps  lost,  in  the  M.  spinosa 
and  M.  militaris  species  groups).  This 
stridulating  surface  (Plate  3)  is  a  synapo- 
morphy  of  the  two  genera,  a  character  not 
known  from  other  orb-weavers  except 
some  erigonids  (Hinton  and  Wilson,  1970). 
It  is  assumed  that  the  presence  of  the 
structure  in  araneoid  Erigonidae  and  ara- 
neoid  Araneidae  is  parallel  evolution  and 
not  a  synapomorphy. 

2.  Micrathena  and  Chaetacis  species 
have  the  fourth  femora  longer  than  the 
first,  a  synapomorphy  not  found  in  any 
other  araneid  genus.  It  permits  the  unique, 
cryptic  resting  position  known  from  Mi- 
crathena (but  assumed  for  Chaetacis;  Plate 

!)• 

3.  In  Micrathena  and  Chaetacis  the 
carapace  is  glabrous,  almost  always  lack- 
ing setae  (except  in  M.  jurcula),  with 
sculpturing  and  often  a  series  of  one  to 
three  pairs  of  dimples  and  a  high  thorax 
(Plates  1,2).  The  triangularispinosa  group 
has  a  glossy,  domed  carapace  without 
dimples  or  grooves.  Both  the  dimples  and 
the  often  high  or  dome-shaped  thorax  are 


unique  to  these  araneid  genera  and  are  a 
synapomorphy  of  the  two  genera.  I  con- 
sider carapace  shape  an  important  char- 
acter to  unite  species,  species  groups,  and 
genera  in  Araneidae.  It  has  been  under- 
rated because  of  the  difficulty  in  describ- 
ing this  part  of  the  spider's  anatomy. 

4.  In  all  species  of  Micrathena  and 
Chaetacis  the  paracymbium  is  relatively 
large  and  modified  (Figs.  8,  9).  It  is  not  in 
Gasteracantha;  in  most  araneid  genera 
(except  perhaps  in  Verrucosa)  it  is  just  a 
knob.  In  males  of  the  Metidae  and  Tet- 
ragnathidae it  is  a  very  large  structure; 
this  is  a  parallel  development  and  not  in- 
dicative of  relationship. 

Heimer  (1982)  and  Heimer  and  Nen- 
twig  (1982)  state  that  the  function  of  the 
paracymbium  is  to  stop  the  twist  of  the 
expanding  palpus  by  butting  against  the 
median  apophysis  (first  observed  by 
Grasshoff,  1968),  and  that  the  median 
apophysis  matches  and  fits  the  paracym- 
bium. Although  the  paracymbium  is  large 
and  modified  in  many  Micrathena  and 
Chaetacis,  it  does  not  closely  fit  and  match 
the  size  or  shape  of  the  median  apophysis. 
The  median  apophysis  does,  however, 
match  and  fit  (to  some  extent)  the  scape 
of  the  female  epigynum  into  which  it 
hooks  during  mating  (Grasshoff,  1968). 

Micrathena,  Chaetacis  and  Gastera- 
cantha are  placed  in  the  subfamily  Gas- 
teracanthinae because  of  the  sclerotized 
ring  around  the  spinnerets.  This  ring  is  not 
otherwise  found  in  araneids,  except  for  the 
neotropical  Xylethrus  and  Enacrosoma, 
whose  placement  is  uncertain.  It  could  be 
argued  that  the  ring  is  a  poor  character, 
evolving  in  connection  with  a  sclerotized 
abdomen.  However,  there  is  as  yet  no  good 
evidence  that  Xylethrus  and  Enacrosoma 
have  evolved  the  ring  independently  (they 
might  also  be  gasteracanthines).  Also,  the 
remaining  genera  with  a  sclerotized  ab- 
domen, such  as  Acanthepeira  and  Wag- 
neriana,  lack  the  ring.  Micrathena  and 
Gasteracantha  are  also  united  by  the  lack 
of  attack-wrapping,  a  behavior  believed 
present  in  most  Araneidae  species.  Since 
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Plate  3.  Upper  row.  Chaetacis  aureola.  Left.  Epigynum,  left  book-lung,  fourth  coxae.  Right.  Left  book-lung  cover  of  C.  aureola. 
Middle  row,  left.  Book-lung  cover  of  Micrathena  mitrata.  Right.  Close-up.  Bottom  row.  Tip  of  left  fourth  leg  of  Micrathena 
mitrata  with  sustentaculum  (arrow). 

Scale  lines.    Upper  left  1.0  mm;  right  middle  row  0.01  mm;  others  0.1  mm. 


this  is  a  lost  character  it  may  be  a  poor 
one.  Although  the  grouping  of  Micrathe- 
na, Chaetacis  and  Gasteracantha  is  sup- 
ported at  present,  the  support  is  not  con- 
vincing. More  characters  are  being  sought. 
According  to  Reimoser  (1917),  Gaster- 


acanthinae  lack  a  sustentaculum  (Webe- 
stachel).  The  sustentaculum  is  a  macroseta 
with  a  bent  tip,  located  below  the  claws 
on  the  tip  of  the  leg.  It  was  found  on  M. 
mitrata  (arrows,  Plate  3);  I  suspect  it  is 
present  in  other  species. 
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The  relationship  of  Gasteracanthinae  to  sition,  the  unique  carapace  dimples,  and 

other  araneids  is  more  problematic.  The  the  sclerotized  ring  around  the  spinnerets, 

following  characters  were  examined  in  an  characters  which  leave  no  doubt  that  all 

attempt  to  relate  the  Gasteracanthinae  to  species  groups  of  Micrathena  are  closely 

other  araneids.  related.    Gasteracanthinae   thus   forms   a 

1.  Paramedian  Apophysis.  Many  of  the  group  of  genera  together  with  Verrucosa, 
most  useful  structures  indicating  relation-  Acanthepeira,  Cyclosa,  Eriophora,  Wag- 
ships  are  found  in  genitalia,  especially  in  neriana,  and  Wixia  (and  perhaps  with 
the  complicated  araneid  palpus  (see  Levi,  other  genera  whose  paramedian  apophy- 
1983).  Characteristic  of  Micrathena,  sis  has  been  lost  secondarily;  see  below). 
Chaetacis,  and  Gasteracantha  is  the  rel-  2.  Terminal  Apophysis.  The  terminal 
atively  simple  appearance  of  the  contract-  apophysis  is  found  in  most  araneid  spi- 
ed or  expanded  palpus  (Figs.  6-9;  Levi,  ders.  It  is  a  synapomorphy  of  a  large  group 
1978).  But  despite  their  apparent  simplic-  containing  most  araneids.  Within  this 
ity,  both  the  Micrathena  and  Gasteracan-  group  the  size  and  shape  of  the  terminal 
tha  palpi  have  a  paramedian  apophysis  apophysis  may  be  useful,  but  at  present 
(PM  in  Figs.  6,  7,  9),  a  sclerite  not  found  its  use  as  a  character  is  uncertain.  It  is 
in  all  male  Araneidae.  This  structure,  usu-  absent  in  Argiope,  Gea  (Levi,  1983), 
ally  cap-shaped,  was  first  described  and  Acan^^^peira  (Levi,  1976:  fig.  21),  and  M. 
named  by  Comstock  (1910)  in  the  palpus  schreibersi  (Fig.  9).  Its  absence  in  Argiope 
of  Eriophora.  Its  function  is  not  known,  and  Gea  is  probably  plesiomorph  (Levi, 
In  Eriophora  and  other  genera  (Table  1),  1983).  The  structure  may  have  been  lost 
it  is  usually  found  near  the  proximal  end  in  Acanthepeira,  as  a  paramedian  apoph- 
of  the  conductor  in  the  center  of  the  mesal  ysis  is  present.  It  is  lost  in  M.  schreibersi; 
face  of  the  palpus;  it  is  fused  to  the  con-  in  other  Micrathena,  in  Chaetacis  and  in 
ductor  in  Verrucosa  (Levi,  1976:  fig.  9)  Gasteracantha  it  is  present  as  a  mere  flap 
and  in  Cyclosa  (Levi,  1977:  fig.  17).  It  is  covering  the  embolus  (A  in  Figs.  6-8).  In 
a  free  sclerite  in  Acanthepeira  (Levi,  1976:  Araniella,  Acacesia  and  Neoscona  the  ter- 
fig.  21),  Eriophora  (Levi,  1970:  fig.  2),  minal  apophysis  is  small.  The  paramedian 
Wagneriana  (Levi,  1976:  fig.  71)  and  apophysis  may  have  been  secondarily  lost 
Wixia  (Levi,  1976:  fig.  99).  It  is  absent  in  in  Araniella  and  Acacesia  (probably  not 
many  araneids  (Table  1;  in  Eustala  the  in  Neoscona). 

conductor  has  a  projection  that  might  be         3.  Distal  Hematodocha.  Males  having 

homologous).   The  absence  of  the  para-  a  paramedian  apophysis,  which  include 

median  apophysis  is  assumed  to  be  the  Micrathena,  Chaetacis  and  Gasteracan- 

plesiomorph  state  and  not  a  secondary  loss  tha,  lack  a  distal  hematodocha  and  have 

(with    some    exceptions;    see    next    para-  a  small  terminal  apophysis.  Verrucosa  is 

graph).   The  paramedian  apophysis  is  a  an  exception  (Table  1).  In  most  genera 

prominent  sclerite  in  Gasteracantha  (Levi,  close  to  Araneus  the  distal  hematodocha 

1978:  fig.  84);  in  the  Micrathena  mitrata  is  present  and  is  a  synapomorphy  of  these 

species  group  it  is  attached  to  the  end  of  genera  (Table  1). 

the   conductor    (Levi,    1978:    fig.    40).    It  4.  Coxa/ HooA:.  The  first  coxa  of  araneid 

might  be  present  as  a  lobe  of  the  conduc-  males  has  a  prominent  hook  at  the  distal 

tor  in  the  M.  gracilis  group  (Levi,  1978:  margin,  ventral  in  most  genera.  It  fits  into 

fig.  68).  It  is  absent  in  M.  funebris  (Levi,  a  groove  at  the  proximal  end  of  the  second 

1978:  fig.  27),  and  absent  in  M.  sagittata  femur  (Figs.  1,  2).  Hook  and  groove  are 

(Levi,  1978:  fig.  54).  Is  the  absence  in  some  present  in  most  species  of  Araneus  (but 

species  of  Micrathena  a  secondary  loss?  not  in  all;  Table  1).  Coxal  hook  and  groove 

More  weight  is  given  to  the  unique  long  are  absent,   perhaps  secondarily   lost,   in 

fourth  femur  and  unusual  web  resting  po-  Acanthepeira,  Hypsosinga,  Kaira,  Larin- 
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Table  1.    Table  of  characters  of  male  spiders  of  some  araneid  genera. 


ET 

ex 

CDY 

PM 

DH 

ta 

Species  examined 

Argiopinae 

- 

- 

- 

- 

- 

- 

Mecynogea 

— 

— 

— 

— 

— 

— 

Cyrtophora 

— 

— 

— 

— 

— 

— 

Pronous 

+ 

+ 

— 

— 

- 

— 

Hypsosinga 

+  /- 

— 

- 

- 

* 

** 

rubens,  pygmaea 

Kaira 

— 

— 

— 

— 

** 

* 

alba 

Larinia 

+ 

— 

— 

— 

** 

*« 

directa 

Araneus 

+  /- 

+/- 

+  /- 

— 

** 

** 

Aculepeira 

+ 

+ 

+ 

- 

** 

** 

carbonaria,  packardi 

Cercidia 

+ 

+ 

- 

- 

** 

*♦ 

prominens 

Colphepeira 

+ 

+ 

- 

- 

♦ 

** 

catawba 

Eustala 

+ 

+ 

+ 

— 

* 

** 

clavispina,  fuscovittata 

Mangora 

+ 

+ 

+ 

- 

** 

«« 

gibber osa,  placida 

Metazygia 

+  /- 

+ 

+  /- 

- 

m* 

«« 

gregalis,  wittfeldae 

Metepeira 

+  /- 

— 

— 

— 

m* 

** 

Ventura,  foxi 

Nuctenea 

+ 

+ 

— 

— 

** 

** 

Singa 

— 

+ 

- 

- 

** 

** 

eugeni 

Scoloderus 

— 

+ 

— 

— 

- 

* 

cordatus 

Araniella 

+ 

+ 

+ 

- 

- 

* 

displicata 

Acacesia 

+ 

+ 

+ 

- 

- 

* 

hamata 

Verrucosa 

+ 

+ 

— 

A 

* 

** 

arenata 

Cyclosa 

+ 

+ 

- 

A 

- 

* 

conica,  turbinata 

Micrathena 

— 

+/- 

— 

F/A 

— 

* 

Chaetacis 

— 

— 

F/A 

— 

* 

all 

Gasteracantha 

— 

— 

— 

F 

- 

* 

cancriformis 

Acanthepeira 

+ 

- 

- 

F 

- 

- 

stellata 

Eriophora 

+ 

+ 

+ 

F 

- 

** 

edax 

Wagneriana 

+ 

+ 

+ 

F 

- 

** 

tauricornis 

Wixia 

+ 

+ 

+ 

F 

— 

** 

ectypa 

Abbreviations: 


ET  endite  tooth 

CX  coxal  hook 

CDY  condyle  on  dorsum  of  coxa  I 

PM  paramedian  apophysis 

DH  distal  hematodocha 

TA  terminal  apophysis 


Key: 


(-) 

(  +  ) 

* 

*» 

A 
F 


absent 

present 

small 

large 

attached 

free 


ia  and  Metepeira  (Table  1).  Both  are  also 
absent  in  Argiope  and  Gea,  although  here 
this  is  almost  certainly  a  plesiomorph  con- 
dition, as  they  are  absent  in  all  non-ara- 
neid  Araneoidea. 

This  coxal  hook  is  present  in  species  of 
the  M.  kirbyi  and  M.  guerini  groups  of 
Micrathena  only;  it  is  small  and  is  more 
posterior  on  the  coxa  (Fig.  2).  A  matching 
groove  on  the  second  femur  is  present  (Fig. 
1).  Only  M.  clypeata  shows  a  prominent 
ventral  hook.  In  other  Micrathena  species 
groups  and  in  Chaetacis  and  Gasteracan- 
tha, the  coxal  hook  is  absent,  assumed  sec- 
ondarily lost  because  the  paramedian 
apophysis  is  present.  In  species  belonging 


to  the  same  group  more  weight  is  given 
to  the  presence  of  a  structure  than  to  its 
absence. 

5.  Tooth  on  Endite.  Micrathena  and 
Chaetacis  males  also  lack  a  tooth  on  the 
lateral  face  of  the  endite  facing  a  similar 
tooth  on  the  palpal  femur.  This  structure 
is  present  in  most  araneid  genera  exam- 
ined (Table  1).  It  is  absent,  perhaps  sec- 
ondarily lost,  in  Larinia,  Scoloderus, 
Wagneriana  and  probably  absent  primi- 
tively in  Argiope  and  Gea.  Its  absence 
cannot  be  used  to  relate  genera. 

Summary  of  Relationships.  Micrathe- 
na, Chaetacis  and  Gasteracantha  belong 
together  in  the  subfamily  Gasteracanthi- 
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Table  2.    Tentative  cladogram  showing  position  of  subfamily  Gasteracanthinae  within  the 

FAMILY  ARANEIDAE  (SEE  ALSO  TABLE  1). 


Argiopi  nae 


Aranei  nae 


procurved  PE  row 
reduced  tapetum  in  PLE 


AcanthepeJ  ra 

Cydosa 

Eriophora 

Verrucosa 

Waqneriana 

W 1 X 1  a 


Gasteracantha 


Micrathena 


Chaetacis 


\ 


knob  on  abdomen  venter 
s1 1 k  globs  on 
frame  lines 


long  4th  femora 
stridulating  structure 
cryptic  resting  position 


Gasteracanthinae 


sclerotized  ring 
around  spinnerets 


PM  in  male  palpus 


male  coxal  hook 
A  in  mal e  palpus 


Aranei  dae 

bul  b  twi  sts 
sclerites  face  median 
reduced  PME  tapetum 


Abbreviations  : 

A 

terminal   a 

ipophysi  s 

Pi^ 

paramediar 

1   apophy 

SIS 

Pt 

posterior 

eyes 

PLE 

posterior 

lateral 

eves 

PME 

posterior 

median 

eyes 

nae,  a  group  of  Araneidae  with  special- 
ized characters.  (The  subfamily  Argiopi- 
nae  exhibits  many  primitive  characters; 
Levi,  1983.)  The  inability  to  attack-wrap 
must  therefore  be  a  secondary  loss  and  not 
the  primitive  condition  (Tables  1,2). 

Unsolved  Problems.  Foremost  among 
the  numerous  unresolved  questions  is 
whether  the  males  of  species  have  been 
correctly  matched  to  females.  Does  the 
male  with  a  Chaetacis-like  palpus  (Fig. 
790)  actually  belong  to  M.  pungens?  Are 
the  specimens  assigned  to  M.  furva  in  fact 
southern  specimens  of  M.  digitata?  Why 
are  females  of  the  M.  agriliformis  group 
(including  M.  fidelis  and  M.  pupa)  rela- 
tively uncommon  compared  to  males?  Are 
they  misidentified?  Is  the  widespread  M. 
lucasi,  with  its  variable  spines,  really  a  sin- 
gle species?  To  answer  this  question  it 
would  be  helpful  to  have  more  males  col- 


lected with  females.  Do  some  highly  vari- 
able Micrathena  species  hybridize,  as  is 
suggested  by  specimens  in  collections?  This 
applies  especially  to  M.  plana  and  M. 
triangularis,  evansi  and  triangularispi- 
nosa,  and  to  variable  Chaetacis  species. 

Gasteracanthinae  O.  P.-Cambridge 

Gasteracanthides  O.  P.-Cambridge,  1871:  217.  Name 
given  to  a  new  family.  Bonnet,  1957:  1974. 

Included  in  this  subfamily  are  araneid 
genera,  in  which  both  males  and  females 
of  the  species  have  a  sclerotized  ring 
around  the  spinnerets. 

There  may  be  five  or  six  gasteracan- 
thine  genera  in  America.  Gasteracantha 
includes  two  species:  G.  tetracantha  in 
Puerto  Rico,  and  G.  cancriformis  from  the 
southern  United  States  to  northern  Argen- 
tina. The  two  species  are  not  genetically 
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isolated  in  the  Bahamas,  and  intergrade 
in  appearance  (Levi,  1978).  Micrathena 
and  Chaetacis  are  revised  here. 

Other  American  gasteracanthine  gen- 
era may  be  Enacrosoma  Mello-Leitao, 
Xylethrus  Simon,  and  Thaiitnastobella 
Mello-Leitao.  Practical  considerations 
made  me  revise  Micrathena  and  Chae- 
tacis first:  the  species  are  readily  recog- 
nized and  sorted  out  from  collections,  and 
therefore  available  for  borrowing.  Behav- 
ior observations  are  available.  Enacroso- 
ma Mello-Leitao  and  the  rare  Xylethrus 
will  be  revised  later.  No  specimens  other 
than  the  lost  type  of  Thaumastobella 
mourei  Mello-Leitao  have  been  found.  We 
do  not  know  whether  or  not  members  of 
these  three  genera  attack-wrap,  or  wheth- 
er the  ring  around  the  spinnerets  is  a  syn- 
apomorphy  for  all  genera. 

Pronous  Keyserling  and  Tecmessa  O. 
P. -Cambridge  have  been  placed  in  the 
subfamily  (Roewer,  1942;  Brignoli,  1983). 
Neither  is  a  gasteracanthine.  The  place- 
ment of  Pronous  is  uncertain  (Table  1); 
Tecmessa  is  a  theridiosomatid  (Codding- 
ton,  in  press). 

Numerous  gasteracanthine  genera  are 
known  from  Africa;  some  had  been  syn- 
onyms of  Gasteracantha  but  were  resur- 
rected by  Benoit  (1962). 

Micrathena  Sundevall 

Micrathena  Sundevall,  1833:  14.  Read  in  April  1833 
(F.  P. -Cambridge,  1904:  525);  publication  date  un- 
known. Type  species  Epeira  clypeata  Walckenaer, 
the  only  species  listed  in  section  one  of  the  genus, 
designated  by  Simon,  1895. 

Acrosoma  Perty,  1833:  193.  Published  in  December 
1833  (F.  P.-Cambridge,  1904:  525).  Type  species 
A.  swainsoni  Perty  designated  by  F.  P.-Cambridge 
1904:  525.  Bonnet,  1955  curiously  cites  two  type 
species:  Aranea  cancriformis  Linnaeus,  the  oldest 
species  included  by  Perty,  and  M.  militaris  Perty, 
the  first  species  cited  by  Perty  (see  below). 

Meganopla  Simon,  1864:  292.  Type  species  M.  cy- 
anospina  (Lucas)  designated  by  Bonnet,  1957:  2752. 

Keyserlingia  O.  P.-Cambridge,  1890.  Type  species 
by  monotypy  K.  cornigera  O.  P.-Cambridge  (=M. 
sexspinosa ).  The  name  Keyserlingia  is  preoccu- 
pied by  Pander,  1861  for  a  Brachiopod. 

Ildibaha  Keyserling,  1892:  31.  Type  species  I.  albo- 
maculata  (=M .  flaveola  )  Keyserling  by  monotypy. 
NEW  SYNONYMY. 


Synonymy.  Of  the  two  oldest  names, 
both  proposed  in  1833,  Micrathena  has 
priority.  Bonnet  (1957)  claims  that,  since 
Sundevall  was  the  only  author  to  distin- 
guish between  Micrathena  and  Gaster- 
acantha, one  has  to  use  Sundevall's  name 
Micrathena.  However,  it  is  the  type  des- 
ignation for  the  genus  which  determines 
its  use,  not  the  species  included.  Because 
types  were  often  casually  designated  by 
later  authors,  the  type  designation  is  fre- 
quently difficult  to  ascertain.  Roewer,  in 
the  first  volume  of  his  catalog  (1942)  fails 
to  give  a  type  for  genera;  Bonnet's  catalog 
often  gives  a  different  type  designation 
from  that  found  in  the  literature  (also  for 
Acrosoma),  and  does  not  say  who  desig- 
nated the  type  species. 

The  type  of  Micrathena,  M.  clypeata, 
belongs  to  the  kirbyi  group;  that  of  Acro- 
soma, M.  swainsoni,  belongs  to  the 
militaris  group,  as  does  the  type  of  Me- 
ganopla, M.  cyanospina.  The  type  of 
Keyserlingia  belongs  to  the  spinosa  group, 
and  the  type  of  Ildibaha,  I.  albomaculata, 
to  the  M.  triangularispinosa  group  of 
species. 

Diagnosis.  Micrathena  and  Chaetacis 
differ  from  other  gasteracanthine  genera 
by  having  the  fourth  femur  longer  than 
the  first  (in  females  and  males).  Micrathe- 
na differs  from  Chaetacis  by  lacking 
spines  or  tubercles  on  the  carapace  behind 
the  lateral  eyes.  Both  differ  from  Gaster- 
acantha by  the  differently  shaped  cara- 
pace: Gasteracantha  has  the  anterior  head 
region  very  high  (Levi,  1978:  figs.  70,  71), 
while  Micrathena  and  Chaetacis  do  not. 
Chaetacis  has  tubercles  or  spines  behind 
the  lateral  eyes  and  often  has  denticles  on 
the  carapace.  Unique  to  Micrathena  are 
the  high  thorax,  low  head,  and  the  gla- 
brous, sculptured  carapace  with  a  deep 
thoracic  depression  (Figs.  89,  90),  often 
with  one  to  three  pairs  of  dimples  (Figs. 
74,  75).  Larger  species  have  a  light  col- 
ored rim  on  each  side  of  the  thorax;  in 
smaller  species  the  rim  can  be  seen  only 
from  the  side.  Only  the  triangularispi- 
nosa group  of  species  has  the  carapace  dif- 
ferent: domed  and  smooth,  often  shiny, 
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with  at  most  a  faint  depression  in  the  area  only  shghtly  smaller  than  females  (guerini 

of  the  thoracic  depression  (Figs.  432,  433).  group),  or  may  be  much  smaller  (e.g.,  gra- 

Other  characters  unique  to  Chaetacis  cilis  group), 

and  Micrathena  are  the  stridulating  ridges  Genitalia.  Females  of  Micrathena  may 

on  the  book-lung  covers  (Plate  3),  the  pick  have  a  wrinkled  scape  on  the  epigynum 

being  a   tubercle   on   the   fourth   femur.  (Figs.  50,  55,  68),  a  primitive  character. 

However,  members  of  the  M.  militaris  and  The  epigynum  has  evolved  into  a  raised 

M.  spinosa  groups  lack  these  structures,  transverse  bar  bearing  a  posteromedian 

perhaps  a  secondary  loss.  lobe,  both  situated  on  a  bulge  that  is  de- 

Description.  The  posterior  median  eyes  limited  anteriorly  by  a  transverse  groove 

are  subequal  to  two  diameters  of  the  an-  (Fig.  3);  in  profile  the  structure  looks  like 

terior  medians.   The  laterals  are  usually  a   bird's   head    (Fig.    5).    While   half   the 

smaller,  the   posterior   laterals  usually  species  have  a  transverse  bar  with  a  lobe, 

smallest.  Anterior  median  eyes  are  their  others  have  only  a  sculptured  bulge,  with 

diameter    apart,    posterior    median    eyes  the  sculpturing  mainly  on  the  posterior 

about  their  diameter  apart.  Lateral  eyes  face  (triangularispinosa  group,  Figs.  428, 

touch,  except  in  the  militaris  and  spinosa  434;  militaris  and  spinosa  groups.  Figs, 

groups,  which  may  have  the  eyes  as  much  584,  591,  648,  656).  In  all  members  of  the 

as  one  diameter  apart.  The  tapetum  of  the  gracilis  group  the  bulge  is  pulled  out  ven- 

posterior  median  eyes  is  reduced  to  a  nar-  trally,   laterally   flattened,   and   indented 

row  section,  characteristic  of  the  family  (Figs.  778-780). 

Araneidae  (Levi,  1978:  figs.  19,  32).  The  palpus  has  a  conductor  (C),  almost 

The  abdomen  of  Micrathena  females  always  a  large  median  apophysis  (M)  (lost 

bears  large  spines,  sometimes  tubercles  or  in  M.  flaveola  and  M.  acutoides),  a  radix 

humps;  as  in  other  members  of  the  Gas-  (R),  an  embolus  (E),  and  a  small  terminal 

teracanthinae,  there  is  a  sclerotized  ring  apophysis  (A)  paralleling  or  surrounding 

around  the  spinnerets.  The  dorsum  is  often  the   embolus    (Figs.    6-9).    The   terminal 

shiny  and  brightly  colored:  white,  yellow,  apophysis   is   lost   in   the   M.    schreibersi 

orange  to  brown;  the  venter  is  usually  gray  group  (Fig.  9).  There  is  abundant  basal 

to  brown  (Plates  1,2).  hematodocha  but  no  distal  hematodocha. 

The  male  never  has  a  tooth  on  the  en-  just  a  joint  between  radix  and  terminal 

dite,  nor  a  tooth  on  the  palpal  femur.  Half  apophysis-embolus.  The  proximal  end  of 

the  species  have  a  coxal  hook  (Fig.  2)  and  the  conductor  is  drawn  out  into  a  para- 

a  groove  on  the  proximal  end  of  the  sec-  median  apophysis  (PM),  which  is  usually 

ond  femur  (Fig.  1).  Both  tooth  and  groove  cap-shaped  and  remains  attached  to  the 

are    relatively    small    (compared    to    the  conductor  (Figs.  6-9).  As  in  metids,  but 

structures  in  other  genera)  and  the  coxal  unlike  most  other  genera  of  the  Aranei- 

hook  has  moved  retrolaterally  (except  in  dae,  the  paracymbium  (P)  is  well  devel- 

M.  clypeata,  where  it  is  ventral).  In  half  oped;  in  some  groups  it  is  different  in  each 

the  species  both  coxal  hook  and  femoral  species  (Figs.  6-9). 

groove  are  absent,  apparently  secondarily  Natural   History.   All  Micrathena   are 

lost.  Males  often  have  the  first  two  pairs  forest  species  that  hang  in  the  vertical  web 

of  legs  slightly  heavier  and  with  macro-  during  the  day.  Micrathena  builds  in  the 

setae,  but  not  otherwise  modified.  morning.  The  web  is  tight,  with  few  frame 

The    abdomen    of    Micrathena    males  threads  and  an  open  hub  (Plate  1).  It  may 

lacks  spines  (except  M.  swainsoni  and  M.  have  a  short,  vertical  silk  stabilimentum 

donaldi)   and   is   square   to   rectangular,  (M.  sexspmosa).  The  spiders  have  an  un- 

longer  than  wide,  very  unlike  that  of  the  usual  resting  position:   the  spider  hangs 

female  associated  with  it.  The  abdomen  head  down  in  the  center  of  the  web  with 

of  males  of  the  M.  schreibersi  group  has  abdomen    horizontal,    parallel    to    the 

a  constriction  (Fig.  570).  Males  may  be  ground.  This  position  is  made  possible  by 
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the  unusually  long  fourth  femora  (Plate 
1).  The  often  bright  dorsal  coloration  of 
the  abdomen  faces  the  ground,  effectively 
camouflaging  the  spider  against  the  light 
blotches  of  the  canopy.  The  dull  under- 
side faces  upward  and  blends  with  the 
background  vegetation  and  ground  litter, 
making  the  spider  equally  hard  to  discern 
from  above.  The  spines  disrupt  the  spi- 
der's outline,  preventing  easy  detection. 
The  variable  silhouette  of  different  species 
adds  to  the  difficulty  of  finding  Micrathe- 
na  species,  as  collectors  cannot  readily 
form  a  search  image  for  a  species.  No 
species  is  very  common  in  any  locality, 
and  different  species,  with  different  out- 
lines and  coloration,  occur  together.  Fur- 
thermore, immatures  often  have  different 
spination  from  adults. 

Is  the  function  of  the  spines  to  hamper 
the  formation  of  a  search  image?  Experi- 
ments might  be  devised  to  see  if  this  is  a 
defense  against  natural  predators  such  as 
wasps,  dragonflies,  birds,  or  lizards.  The 
long  spines  of  M.  cyanospina  (Fig.  621) 
may  be  a  direct  protection  against  being 
carried  off  by  predators.  Also,  it  is  known 
that  some  species  of  wasps  will  collect  a 
specific  Micrathena  (but  will  not  mix 
species,  as  they  do  with  other  genera). 
Large  collections  of  the  following  were 
obtained  from  wasp  cells:  M.  mitrata,  M. 
furcula,  M.  sexspinosa,  and  M.  swain- 
soni. 

Micrathena  gracilis  and  M.  horrida 
have  humps  rather  than  spines  (Figs.  774, 
776,  777),  and  are  gray  to  brown  in  color, 
rendering  the  spider  invisible  among  the 
debris  caught  in  the  web.  Robinson  and 
Robinson  (1980)  call  M.  horrida  a  detritus 
mimic.  Some  specimens  of  Micrathena 
funebris,  a  variable  species,  have  the  black 
abdomen  with  orange  spots  framed  by 
white  (Plate  1;  Fig.  734),  a  pattern  found 
in  juveniles  of  the  venomous  widow  spi- 
ders (Latrodectus  sp.).  Micrathena  swain- 
soni  has  been  collected  with  similarly  col- 
ored ants. 

Micrathena  do  not  attack-wrap  (Rob- 
inson, 1975;  Eberhard,  1982).  Unlike  oth- 


er araneids,  they  bite  their  prey  first,  then 
wrap.  Do  the  long  fourth  femora  that  fa- 
cilitate the  spider's  cryptic  resting  position 
perhaps  impede  the  extraction  of  wrap- 
ping silk?  Probably  not:  the  related  Gas- 
teracantha,  with  shorter  fourth  legs,  does 
not  attack-wrap  either. 

Uetz  and  Biere  (1980)  showed  that  the 
web  of  M.  gracilis  is  selective  for  prey 
size:  larger  prey  (4  to  8  mm)  is  caught 
than  in  artificial  webs:  Diptera  comprise 
66%  of  the  catch,  Hymenoptera  18%,  and 
Coleoptera  10%. 

Males  are  rarely  collected  with  females. 
They  are  more  likely  to  be  picked  up 
sweeping,  often  at  night,  while  females 
are  usually  picked  from  their  webs  in  day- 
time. It  is  uncommon  to  find  males  in  the 
webs  of  females.  Also,  it  is  extremely  un- 
common to  find  mated  males  of  species  in 
which  palpal  structures  break  off  and  re- 
main in  the  female  epigynum  (M.  spinosa 
group).  Is  mating  brief?  Does  it  take  place 
outside  the  web?  Do  males  serve  as  food 
for  the  mated  females?  Robinson  and 
Robinson  (1980)  have  watched  courtship 
and  mating  of  M.  schreibersi  and  M. 
sexspinosa.  They  state  that  Micrathena  has 
type  C  courtship:  copulation  is  brief  and 
carried  out  on  a  mating  thread.  Micrathe- 
na sexspinosa  males  convert  a  radius  from 
the  upper  part  of  the  female's  web  into  a 
mating  thread.  In  each  of  the  five  obser- 
vations the  male  was  loosely  wrapped  by 
the  female,  allowing  him  to  escape.  Adult 
males  taken  to  the  laboratory  died  soon 
after  collecting,  indicating  a  short  adult 
life  span.  It  was  also  found  that  the  con- 
stricted abdomen  of  M.  schreibersi  males 
(Figs.  570)  permits  them  to  "bend"  when 
mating  (Robinson  and  Robinson,  1980). 

In  this  study  it  was  found  that  in  M. 
schenkeli  and  M.  molesta  as  well  as  some 
other  species  (M.  raimondi,  M.  teresopo- 
lis,  M.  shealsi,  M.  bogota),  the  lobe  and 
sometimes  the  transverse  bar  of  the  fe- 
male epigynum  tears  off  during  mating, 
presumably  preventing  later  matings 
(Figs.  396-401,  482-486).  In  M.  militaris 
and  most  species  of  the  spinosa  group,  the 
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Figures  1-9.  Micrathena  morphology.  1,  2.  Males.  1.  Dorsal  view  of  left  side  of  head,  proximal  articles  of  palpus  and  first 
three  legs,  showing  groove  on  second  femur.  2.  Ventral  view  of  sternum,  endites  and  coxae,  showing  coxal  hook  on  first  coxa. 
3-5.  Female  epigynum.  3.  Ventral.  4.  Posterior.  5.  Lateral.  6-9.  Male  left  palpus,  expanded.  1,  2,  6.  M.  nigrichelis.  7.  M.  evansi. 
8.  M.  flaveola.  9.  M.  schreibersi. 

Scale  lines.  0.1  mm,  except  Figures  1,  2,  1.0  mm. 

Abbreviations.  A,  terminal  apophysis;  C,  conductor;  E,  embolus;  H,  basal  hematodocha;  M,  median  apophysis;  P,  paracym- 
bium;  R,  radix;  S,  subtegulum;  T,  tegulum;  Y,  cymbium. 
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Map  1 .    The  number  of  species  of  Micrathena  in  different  areas. 


embolus  and  terminal  apophysis  of  the 
male  palpus  break  off  and  plug  the  epig- 
ynum  (Figs.  605-607,  729-731),  making 
futher  matings  impossible  for  males  and 
difficult  for  females. 

Females  place  eggs  in  a  fluffy  egg-sac 
on  vegetation  near  the  web.  Further 
knowledge  is  limited  and  comes  from 
photographs  (Plate  1).  Young  Micrathena 
look  quite  different  from  adults  collected 
with  them,  and  juveniles  described  as  new 
species  are  exceedingly  difficult  to  match 
with  adult  females.  Juvenile  males  differ- 
entiate from  females  gradually,  over  the 
course  of  several  instars.  It  would  be  in- 
structive to  raise  young  of  different  species 


groups  from  egg-sacs.  Most  species  of  the 
Micrathena  spinosa  group  have  an  addi- 
tional pair  of  spines  as  juveniles  (Fig.  721); 
Micrathena  quadriserrata  immatures  have 
fewer  spines  than  do  adults. 

Micrathena  and  Chaetacis  species  have 
stridulating  files  on  their  book-lung  covers 
(Plate  3)  and  pick  on  the  fourth  femora, 
and  can  produce  an  audible,  low  pitched 
buzz  (Hinton  and  Wilson,  1970).  The 
book-lungs  act  as  a  sounding  board.  These 
stridulating  areas  are  present  also  in  males, 
but  could  not  be  found  in  species  belong- 
ing to  the  M.  spinosa  or  M.  niilitaris 
groups.  The  sound  is  probably  a  defense, 
as  the  spiders  buzz  when  removed  from 
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Table  3.    Cladogram  of  species  groups  of  Micrathena  {Micrathena  pungens  is  not  included). 


Chaetacis    auerini  gr 


kirbyi  gr.    schreibersi  gr.  lepidoptera  gr.   spinosa  gr. 

trianqularispinosa  gr 


mi  1 i  taris  gr .   funebris 


epigynum  drawn  out  ventrally 


gracilis  gr. 


/ 


■epigynum  ti p 
laterally 
flattened 
■  M  wi  th  weak   finger 


-high   thorax 

-carapace  with  dimples,   grooves 


Abbreviations : 

A       terminal   apophysis 

LE   lateral    eyes 

M     median  apophysis 


the  web.  I  have  been  unable  to  hear  the 
sound,  despite  testing  females  of  several 
species. 

Distribution.  Micrathena  is  a  neotrop- 
ical genus.  Three  species  range  to  the  east- 
ern United  States,  one  to  the  western  states, 
seven  to  Mexico  north  of  the  Isthmus  of 
Tehuantepec.  There  are  34  species  in 
Central  America  south  of  the  Isthmus; 
about  33  in  the  Andes  and  westward;  about 
34  in  Venezuela  and  the  Amazon  basin; 
and  31  in  southeastern  South  America 
(Map  1).  In  the  Caribbean,  two  species 
occur  in  Jamaica,  three  in  Hispaniola,  four 
in  Cuba,  and  nine  in  Trinidad;  only  one 
species  at  most  occurs  on  the  smaller  is- 
lands of  the  West  Indies  (Map  1). 

Different  species  are  found  at  different 
elevations.  For  example,  M.  fidelis,  M. 
pupa,  and  M.  agriliformis  are  found  in 
mountains;  other  species  such  as  M.  cly- 
peata  and  M.  schreibersi  are  found  in 
lowland  forests. 

Micrathena  are  absent  from  the  tropics 
of   other   continents,   where   numerous 


species  of  the  related  Gasteracantha  may 
ocupy  the  same  niche.  While  there  are 
many  species  of  Gasteracantha  in  other 
parts  of  the  world,  only  two  are  found  in 
the  Neotropics  (Levi,  1978). 

Species  Problems.  Many  Micrathena 
species  were  found  to  be  variable,  yet  most 
are  reasonably  easy  to  distinguish,  unlike 
the  Old  World  Gasteracantha  species. 
Gasteracantha  species  are  known  to  be 
perplexingly  variable  and  difficult  to  de- 
termine; they  may  hybridize  (Chrysan- 
thus,  1959;  Emerit,  1974). 

Genitalia  are  critical  for  separating 
species  of  the  Micrathena  guerini,  kirbyi 
and  spinosa  groups.  In  some  species  groups 
(e.g.,  schreibersi,  militaris,  and  gracilis 
groups)  the  shape  of  abdomen  and  cara- 
pace is  often  also  diagnostic.  Some  species 
have  so  distinct  an  abdomen  that  imma- 
tures  can  be  determined,  but  in  many 
species  immatures  may  have  more  (spi- 
nosa group)  or  fewer  spines  than  adults 
(some  species  of  the  kirbyi  group). 

Relationships  of  Groups.  The  possible 
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relationships  of  the  groups  of  species  are 
shown  in  Table  3. 

Misplaced  Species 

The  following  species  had  been  mis- 
placed. 

Acrosoma  aureolum  C.  L.  Koch,  1836:  60,  is  a  Chae- 
tacis. 

Acrosoma  affinis  C.  L.  Koch,  1839:  131,  is  Chaetacis 
aureola  (C.  L.  Koch). 

Acrosoma  cornuta  Taczanowski,  1873:  268,  is  a 
Chaetacis. 

Acrosoma  pictum  C.  L.  Koch,  1836:  61,  is  a  Chae- 
tacis. 

Acrosoma  transitorium  C.  L.  Koch,  1839:  119,  fig. 
518  is  a  Wagneriana. 

Acrosoma  tumida  Taczanowski,  1879:  120,  pi.  1,  fig. 
34,  $  from  Paltaypamba,  Peru  (PAN),  examined  = 
Wagneriana  undecimtuberculata  (KeyserHng, 
1864).  NEW  SYNONYMY.  This  name  had  been 
Hsted  in  Roewer  (1942:  854)  in  Aranea,  and  in 
Bonnet  (1955:  1948)  in  Araneus. 

Micrathena  beta  di  Caporiacco,  1947:  26;  1948,  fig. 
81,  $  from  Guyana  is  an  adult  male  linyphiid,  ge- 
nus unknown.  NEW  FAMILY  PLACEMENT. 

Micrathena  conspicua  Mello-Leitao,  1929,  is  Chae- 
tacis picta  (C.  L.  Koch). 

Micrathena  necopinata  Chickering,  1960c,  is  a 
Chaetacis. 

Doubtful  Names 

Most  of  the  doubtful  names  are  Walck- 
enaer's.  His  collection  is  lost,  and  thus  not 
available  for  species  verification.  His  de- 
scriptions refer  to  a  manuscript  of  Plec- 
tana  illustrations  which  was  never  pub- 
lished and  is  lost.  I  have  synonymized 
names  where  the  descriptions  fit  the 
species.  The  following  remains: 

Plectana  bisicata  Walckenaer,  1841:  194.  This  has 
ten  split  spines  and  a  total  length  of  9  mm.  It  comes 
from  South  America.  The  description  is  unintelli- 
gible. 

Other  doubtful  names  are  those  of  Mel- 
lo-Leitao. This  author  often  did  not  pro- 
vide illustrations.  Although  most  of  his 
types  are  purported  to  be  in  the  Museu 
Nacional,  Rio  de  Janeiro,  only  few  can  be 
found  there.  The  types  deposited  in  other 
institutions  were  examined. 

Micrathena  mastonota  Mello-Leitao,  1950.  Female 
7.5  mm  total  length  from  Est.  Espirito  Santo,  Bra- 
zil (no.  58  345,  MNRJ),  lost.  The  carapace  is  low, 


flat,  granulate,  and  has  a  small  thoracic  depression. 
The  abdomen  is  highest  at  the  spinnerets  and  has 
two  anterior  spines,  six  more  on  each  side  in  two 
groups.  The  sides  have  four  rounded  tubercles,  the 
posterior  face  a  spine  on  each  side,  for  a  total  of 
16  spines.  Perhaps  this  is  M.  triangularis? 


Key  to  Micrathena  Species  Group 
Females 

1.  Carapace  evenly  domed,   often  smooth 

and  shiny,  thoracic  depression  absent 
or  an  indistinct  dent  (Figs.  432,  433, 

440,  441,  456,  457,  480,  481) 

triangularispinosa  group;  p.  528 

Carapace  with  distinct  circular  thoracic 
mark,  usually  not  shiny,  often  with 
dimples  (Figs.  26,  27,  136,  137,  525, 
526)  2 

2(1)  Epigynum  drawn  out  ventrally  into  a 
cone,  with  cone  tip  laterally  indented 

(Figs.  743-745,  758-760,  778-780) 

_ gracilis  group;  p.  588 

-  Epigynum  otherwise  _ 3 

3(2)       Epigynum  with  a  raised  transverse  bar 

on  the  bulge,  usually  with  a  posterior 
median  lobe  (Figs.  3-5),  rarely 
V-shaped  (Figs.  96,  151),  triangular 
(Figs.  104,  112,  361,  378),  profile  usu- 
ally bird's  head-shaped  (Fig.  5) 

_ kirhyi  group  (in  part);  p.  460 

-  Epigynum  otherwise  4 

4(3)  Abdomen  with  two  lateral  spines  com- 
pound and  posterior  spines  tripartite  as 

in  Figures  526,  535 

_ lepidoptera  group;  p.  546 

Spines  on  abdomen  simple  5 

5(4)  Epigynum  with  a  scape  (Figs.  28,  30,  50, 
55,  63,  68)  or  anterior  lobe  (Figs.  12, 
20,  33,  42),  sometimes  torn  off  (Figs. 
76,  86)  and  abdomen  with  4  or  6  spines, 
or  8  small  spines,  none  anterior  (Figs. 
27,  49,  75,  80,  85)  ....  guerini  group;  p.  447 
Epigynum  without  scape  or  lobe;  or,  if 
with  lobe,  then  abdomen  with  ante- 
riorly directed  spines  overhanging  car- 
apace       6 

6(5)  Epigynum  with  a  ventrally  drawn-out 
bulge,  often  with  light  patch  on  ante- 
rior (Figs.  735-737)  and  abdomen  with 
two  to  six  fleshy  spines  (Figs.  732-734); 

U.S.,  to  Central  America,  Map  12 

funebris;  p.  586 

-  Epigynum  and  abdomen  otherwise 7 

7(6)        Epigynum  with  projecting  bulge,  drawn 

out  posteriorly,  and  two  black  open- 
ings on  the  posterior  face  (Figs.  786- 
788);  abdomen  with  two  large  spines 
behind,  one  anterior  pair  and  three  lat- 
eral pairs  (Figs.  784,  785);  Venezuela, 
Amazon,  Map  14  pungens;  p.  598 
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-  Epigynum  and  abdomen  otherwise 8 

8(7)        Length    of   abdomen    more    than    twice 

width,  shghtly  constricted  on  posterior 
half  (Figs.  544,  639);  southeastern  Bra- 
zil to  northern  Argentina  9       - 

-  Shape  of  abdomen  otherwise  10 

9(8)        Abdomen    with    ten    humps    tipped    by  4(3) 

spines  (Figs.  543,  544);  epigynal  bulge 
with  a  pair  of  dents  anteriorly  (Fig. 
545)  _ spitzi;  p.  550 

-  Abdomen  with  eight  sharp  spines  (Figs.  5(4) 

638,    639);    epigynal    bulge    evenly 

curved  anteriorly  (Fig.  640) 

_ swainsoni;  p.  571 

10(8)  Abdomen  without  anterior  spines,  pos- 
teriorly biforked,  with  two  to  three 
pairs  of  dorsal  spines  (Figs.  646,  647, 

654,  655,  683,  684,  712,  713) 

spinosa  group;  p.  572       6(5) 

-  Abdomen  with  anterior  spines  (Figs.  552, 

557,  633,  634)  11 

11(10)   Abdomen  biforked,  forks  bent  upward;  - 

three  pairs  of  small  lateral  spines  and 
two   pairs   posterior   (Figs.    551,   552);  7(5) 

epigynum  bulge  crowned  by  a  lobe 
(Figs.  553-555);  Upper  Amazon,  Map 

9 _ embira;  p.  552 

Abdomen  and  epigynum  otherwise 12 

12(11)  Abdomen  flat  with  a  thick  spine  on  each 

side,  six  behind  (Fig.  419)  or  with  lobes  - 

or  small  spines  on  sides,  double  or  trifid 
spines  on  each  side  behind  (Figs.  395,  8(7) 

406,  411) kirhyi  group  (in  part);  p.  460 

-  Abdomen   otherwise,    with   large   spines 

(Figs.  557,  583,  621,  626)  13 

13(12)  Abdomen  longer  than  wide,  with  a  pair  - 

of  white  spines  overhanging  carapace  9(8) 

and  four  pairs  of  large  spines,  third  pair 

largest  (Figs.  556,  557,  564,  565,  573, 

574)  schreibersi  group;  p.  550       - 

-  Abdomen  as  long  as  wide,  or  wider  than 

long,  with  pair  of  spines  overhanging 
carapace  and  at  most  three  additional 
pairs  of  spines  (Figs.  583,  590,  598,  621, 
626,  634) militaris  group;  p.  558 


depression  absent  or  at  most  a  slight 
dent,  usually  smooth  and  shiny  (Figs. 

437,  477,  503)  

_ triangularispinosa  group;  p.  528 

Carapace  with  distinct  round  thoracic 
mark,  usually  not  shiny  4 

Tegulum  with  tube-shaped  ventral  pro- 
jection (Figs.  790,  791);  Amazon,  Map 
14  suspected  male  of  pungens 

Tegulum  never  with  such  a  projection  5 

Distal  margin  of  palpal  tibia  modified 
with  lobe  or  lobes  or  ridges  (Figs.  587, 
595,  603,  631,  644,  652);  without  strid- 
ulating  grooves  on  book-lung  covers  6 

Distal  margin  of  palpal  tibia  never  mod- 
ified (Figs.  540,  739,  768);  with  strid- 
ulating  grooves  on  book-lung  covers 
(Plate  3)  7 

Median  apophysis  with  a  more  or  less 
sclerotized  finger  (Figs.  652,  660,  673, 
710,  718) spinosa  group;  p.  572 

Median  apophysis  never  with  finger  (Figs. 
595,  603,  614)  militaris  group;  p.  558 

Median  apophysis  a  sclerotized,  curved 
spine  (clockwise  in  left  palpus),  its  base 
bearing  a  second  spine  (Fig.  739); 
paracymbium  a  flat  corniculate  plate 
(Fig.  740);  U.S.  to  Central  America, 
Map  12 funebris;  p.  586 

Median  apophysis  and  paracymbium 
otherwise  8 

Median  apophysis  lightly  sclerotized, 
bearing    a    lightly    sclerotized    finger 

(Figs.  768,  772,  782) 

gracilis  group;  p.  588 

Median  apophysis  never  with  finger  9 

Median  apophysis  consisting  of  two  lobes 

as  in  Figures  531,  532,  540,  541  

lepidoptera  group;  p.  546 

Median  apophysis  consisting  of  a  squar- 
ish sclerite  with  its  distal  edge  bent  over 
and  heavily  sclerotized  (males  associ- 
ated with  females  of  M.  excavata,  Fig. 
353  and  M.  quadriserrata.  Fig.  375)  ... 
_ _ kirbyi  group  (in  part);  p.  460 


Males 

1.  Abdomen  constricted,   suspected  ant 

mimic  (Figs.  548,  570,  579) 

_ _.  schreibersi  group;  p.  550 

-  Abdomen  without  constriction  2 

2(1)        First  coxa  with   hook  on  distal   margin 

(Fig.  2)  fitting  into  groove  on  proximal 

end  of  second  femur  (Fig.  1) 

guerini  and  kirbyi  groups 

(in  part);  p.  447,  460 

—  First  coxa  without  hook,  second  femur 

without  groove 3 

3(2)       Carapace     evenly     domed;     thoracic 


The  guerini  Group 

The  guerini  group  is  characterized  by 
the  female's  lack  of  spines  on  the  anterior 
of  the  abdomen,  and  by  the  presence  of 
four  large  posterior  spines  (Figs.  11,  27) 
or,  sometimes,  six  smaller  spines  (Figs.  85, 
90).  In  addition,  some  species  have  a  pair 
of  spines  on  the  sides  (Figs.  54,  90).  The 
epigynum  has  an  anterior  lobe  or  a  scape 
(Figs.  12,  42,  68)  which  in  some  species  is 
torn  off  when  mating  (Figs.  34,  76,  86). 
The  carapace  always  has  a  distinct  tho- 
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Map  2.     Distribution  of  Micrathena  species  of  the  guer/n/ group. 


racic  depression;  some  species  have  pairs 
of  dimples  (Fig.  75). 

Males  always  have  a  hook  on  the  first 
coxa  (Fig.  2)  fitting  into  a  groove  on  the 
dorsum  of  the  proximal  end  of  the  second 
femur  (Fig.  1).  The  coxal  hook  is  found 
also  in  males  of  the  kirbyi  group  but  not 
in  others.  The  palpus  is  more  diverse  than 
in  members  of  the  kirbyi  group.  The  cym- 
bium  may  have  a  hump  near  its  base  above 
the  paracymbium  (Figs.  16,  17,  39,  47). 
The  terminal  apophysis  is  often  sclero- 
tized  (Figs.  16,  38,  46);  in  M.  nigrichelis 
it  is  a  flat  flap  covering  the  embolus  (Fig. 


59);  in  M.  pilaton  it  is  absent  (or  perhaps 
torn  off  in  the  available  specimens.  Fig. 
24).  Also,  the  median  apophysis  and  para- 
cymbium show  greater  diversity  (Figs.  46, 
47,  59,  72)  in  structure  than  in  members 
of  the  kirbyi  group. 

Diagnostic  features  of  species  are  the 
arrangement  of  spines  on  the  female  ab- 
domen, the  shape  of  the  scape  or  lobe  and 
the  surrounding  area  of  the  epigynum,  and 
the  shape  of  the  embolus  and  terminal 
apophysis  in  the  palpus. 

The  key  to  males  is  with  the  males  of 
the  kirbyi  group,  p.  467. 


MiCRATHENA  AND  Chaetacis  •  Levi 


449 


Key  to  the  guerini  Group 
Females 

1.  Abdomen  with  8  small  subequal  spines, 
one  pair  on  sides,  three  pairs  poste- 
riorly (Figs.  85,  90);  Colombia 2 

-  Abdomen  otherwise  (Figs.  11,  41,  80) 3 

2(1)       Posterior  median  piece  of  epigynum  wide 

ventrally  close  to  scape  (Fig.  87)  bogota 

-  Posterior  median  piece  of  epigynum  nar- 

row ventrally  close  to  scape  (Fig.  92) 

elongata 

3(1)  Abdomen  with  6  spines,  two  pairs  pos- 
teriorly, one  pair  on  sides  (Figs.  41,  54, 
80) 4 

-  Abdomen  with  4  large  spines,  two  pairs 

posteriorly,  none  or  small  denticles  on 

sides  (Figs.  11,  19,  27)  11 

4(3)       Eastern  and  southeastern  South  America: 

Brazil,  Paraguay  to  Argentina  7 

-  Northwestern  South  America:  Colombia 

to  Peru  5 

5(4)  Epigynum  with  a  scape  (Fig.  50);  Co- 
lombia, Ecuador,  Map  2  rubicundula 

Epigynum  with  a  lobe  (Figs.  33,  42)  6 

6(5)  Lobe  of  epigynum  rounded  (Fig.  42)  and 
projecting  ventrally  (Fig.  44);  Peru, 
Map  2 bifida 

-  Lobe  of  epigynum  with  concave  lateral 

margins  (Fig.  33),  curved  posteriorly 

(Fig.  36);  sometimes  torn  off  (Fig.  34); 

Colombia,  Map  2 atuncela 

7(4)        Posterodorsal  spines  (second  pair)  larger 

than  posterior  spines  (third  pair)  (Figs. 

61,  66,  79) 9 

Second  and  third  pair  of  spines  subequal 

(Figs.  53,  74)  8 

8(7)       Sternum  and  venter  of  abdomen  dark; 

scape  of  epigynum  round   (Fig.   55); 

Rio  de  Janeiro  to  northern  Argentina, 

Map  2 nigrichelis 

-  Sternum  and  venter  of  abdomen  light; 

scape   frequently    torn    off    (Fig.    76); 
northern  Argentina,  Map  2  shealsi 

9(7)  Scape  of  epigynum  smooth  and  dia- 
mond-shaped (Fig.  81);  Suriname,  Est. 

Para,  Brazil,  Map  2  gurupi 

Scape  wrinkled  (Figs.  63,  68);  southern 
and  southeastern  Brazil  10 

10(9)  Scape  of  epigynum  with  distal  neck  in 
ventral  view  (Fig.  68)  and  with  a  dew- 
lap (Fig.  70);  southern  Brazil,  Map  2  .. 
reali 

-  Scape  of  epigynum  without  neck  (Fig. 

63);  without  dewlap  (Fig.  65);  Est.  Rio 

de  Janeiro,  Brazil,  Map  2 teresopolis 

11(3)     Dorsal  pair  of  abdominal  spines  longer 

than  ventral  pair  (Figs.  19,  27)  12 

-  Dorsal  and  ventral  spine  pairs  subequal 

in  size  (Fig.  11);  Colombia,  Map  2  

guerini 


12(11)  Epigynum  with  projecting  rounded  lobe 

(Fig.  20);  Ecuador,  Map  2 pilaton 

-  Epigynum  with  pointed  lobe  (Fig.  28); 

northern  Colombia,  Map  2 kochalkai 

Micrathena  guerini  (Keyserling) 
Figures  10-17;  Map  2 

Acrosoma  guerinii  Keyserling,   1863:  79,  pi.  2,  fig. 

12,  9.  Female  syntypes  from  Santa  Fe  de  Bogota 

[Bogota],  Colombia  (BMNH),  examined.  1892:  22, 

pi.  1,  fig.  18,  9. 
Micrathena  guerini: — Reimoser,  1917:  124,  pi.  7,  fig. 

21,   9.    Roewer,    1942:   959.    Bonnet,    1957:    2870. 

Chickering,  1960c:  79,  figs.  50-51,  9. 
Micrathena  brunnea  Mello-Leitao,  1941:  265,  fig.  2, 

9.    Female   holotype   from    Bogota,    Colombia 

(MNRJ),  lost.  NEW  SYNONYMY. 

Synonymy.  The  description  of  M. 
brunnea  fits  that  of  M.  guerini.  The  type 
locahties  of  both  are  the  same. 

Description.  Female.  Carapace  orange, 
thorax  dark  brown.  Sternum  orange- 
brown.  Legs  brown.  Dorsum  of  abdomen 
whitish,  spines  orange-white;  sides  black 
with  white  patches;  venter  black.  Cara- 
pace without  dimples  or  rim;  thorax  high, 
almost  coming  to  a  point  anterior  of  ab- 
domen overhang.  Abdomen  with  two  pairs 
of  posterior  spines,  dorsal  ones  longest  (Fig. 
11).  Total  length,  7.5  mm.  Carapace,  2.9 
mm  long,  1.8  mm  wide.  First  femur,  2.9 
mm;  patella  and  tibia,  2.9  mm;  metatar- 
sus, 1.7  mm;  tarsus,  0.9  mm.  Second  pa- 
tella and  tibia,  2.7  mm;  third,  1.6  mm. 
Fourth  femur,  3.3  mm;  patella  and  tibia, 
2.9  mm;  metatarsus,  2.0  mm;  tarsus,  1.0 
mm. 

Male.  Carapace  orange,  sides  black. 
Sternum,  coxae  orange.  Legs  dusky  or- 
ange, first  darkest.  Dorsum  of  abdomen 
with  paired  white  marks,  brownish  gray 
and  black;  venter  black.  Carapace  with  a 
dimple  on  each  side  of  thoracic  depres- 
sion, and  a  pair  of  indistinct  dimples  more 
anteriorly.  First  coxa  with  hook,  second 
femur  with  groove.  First  and  second  tibia 
with  macrosetae.  Abdomen  rectangular, 
with  three  pairs  of  small  humps  on  pos- 
terior (Fig.  15).  Total  length,  5.6  mm. 
Carapace,  2.2  mm  long,  1.4  mm  wide. 
First  femur,  1.9  mm;  patella  and  tibia,  2.0 
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mm;  metatarsus,  1.2  mm;  tarsus,  0.7  mm. 
Second  patella  and  tibia,  1.7  mm;  third, 
1.1  mm.  Fourth  femur,  2.0  mm,  patella 
and  tibia,  1.7  mm;  metatarsus,  1.3  mm; 
tarsus,  0.6  mm. 

Variation.  Females  vary  in  total  length 
from  6.7  to  8.4  mm,  males  from  5.3  to  5.6 
mm.  The  dorsal  abdominal  spines  are 
sometimes  longer  than  the  ventral.  Some 
females  have  two  pairs  of  very  small 
humps  on  the  sides  of  the  abdomen.  The 
type  specimen  has  the  anterior  lobe  of  the 
epigynum  constricted  near  its  base. 

Note.  Males  have  been  collected  at  the 
same  locality  as  females  near  Saladito, 
Valle,  Colombia. 

Diagnosis.  Females  can  be  distin- 
guished from  others  with  anterior  lobes  on 
the  epigynum  by  having  only  four  spines 
of  subequal  length  on  the  abdomen  (Fig. 
11);  others  have  six.  Micrathena  pilaton 
has  the  dorsal  spines  longer.  Males  can  be 
separated  from  others  with  a  coxal  hook 
by  having  a  hump  at  the  base  of  the  cym- 
bium  above  the  paracymbium  (Fig.  17), 
by  the  shape  of  the  median  apophysis,  and 
by  the  shape  of  the  conductor,  which  is 
folded  over  at  its  end  (Fig.  16). 

Natural  History.  The  species  is  found 
in  cloud  forest. 

Distribution.  Colombia  (Map  2). 

Records.  COLOMBIA:  Dept.  Cundi- 
namarca.  Pacho,  1910,  9  (NMW).  Valle. 
near  Atuncela,  1,800  m,  23  Nov.  1969,  9 
(W.  Eberhard,  MCZ);  El  Silencia,  nr.  Cah, 
2,000  m,  July  1974,  9  (W.  Eberhard, 
MCZ);  Queremal,  2,000  m,  June  1977,  9 
(W.  Eberhard,  MCZ);  above  Saladito, 
1,800  m,  20  March  1970,  9  (W.  Eberhard, 
MCZ),  3  Jan.  1977,  9  (H.  W.  Levi,  MCZ), 


April  1977,  9,  <5;  April  1979,  9  (W.  Eber- 
hard, MCZ). 

Micrathena  pilaton  new  species 
Figures  18-25;  Map  2 

Holotype.  Female  and  male  paratype  from  Rio  Pi- 
laton, Pichincha  Prov.,  Ecuador,  Sept.  1944  (G.  W. 
Prescott,  MCZ). 

Description.  Female.  Carapace  black- 
ish brown,  head  darkest,  black  sternum. 
Coxae  brown,  distal  leg  articles  dark 
brown.  Abdomen  black,  without  marks. 
Carapace  with  very  high  thorax  and  tho- 
racic mark.  Abdomen  with  four  spines, 
hardly  sclerotized  (Fig.  19).  Total  length, 
6.5  mm.  Carapace,  2.6  mm  long,  1.9  mm 
wide.  First  femur,  2.9  mm;  patella  and 
tibia,  2.9  mm;  metatarsus,  1.9  mm;  tarsus, 
1.0  mm.  Second  patella  and  tibia,  2.7  mm; 
third,  1.7  mm.  Fourth  femur,  3.2  mm;  pa- 
tella and  tibia,  2.9  mm;  metatarsus,  1.9 
mm;  tarsus,  0.9  mm. 

Male.  Carapace  orange,  sides  of  thorax 
brown.  Legs  orange-brown.  Dorsum  of 
abdomen  dark  in  center,  white  on  sides, 
venter  black.  Carapace  dull,  with  micro- 
scopic pattern,  a  distinct  thoracic  depres- 
sion and  very  shallow  dimples.  Second  tib- 
ia with  macrosetae.  Sides  of  abdomen 
slightly  convex;  three  pairs  of  tiny  humps 
posteriorly  (Fig.  23).  Total  length,  5.3  mm. 
Carapace,  2.2  mm  long,  1.4  mm  wide. 
First  femur,  1.9  mm.  Second  patella  and 
tibia,  1.0  mm;  third,  0.9  mm.  Fourth  fe- 
mur, 2.1  mm;  patella  and  tibia,  1.8  mm; 
metatarsus,  1.3  mm;  tarsus,  0.6  mm. 

Diagnosis.  Micrathena  pilaton  can  be 
separated  from  M.  guerini  by  the  dorsal 
spine  pair  on  the  abdomen,  which  is  much 


Figures  10-17.     Micrathena  guerini  (KeyserWng).  10-14.  Female.  10.  Lateral.  11.  Dorsal.  12.  Epigynum,  ventral.  13.  Epigynum, 
posterior.  14.  Epigynum,  lateral.  15-17.  Male.  15.  Dorsal.  16.  Left  palpus,  mesal.  17.  Palpus,  lateral. 

Figures  18-25.     Micrathena  pilaton  n.  sp.  18-22.  Female.  18.  Lateral.  19.  Dorsal.  20.  Epigynum,  ventral.  21.  Epigynum,  pos- 
terior, 22.  Epigynum,  lateral.  23-25.  Male.  23.  Dorsal.  24.  Palpus,  mesal.  25.  Palpus,  lateral. 

Figures  26-30.     Micrathena  kochall<ai  n.  sp.,  female.  26.  Lateral.  27.  Dorsal.  28.  Epigynum,  ventral.  29.  Epigynum,  posterior. 
30.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  10,  11,  15,  18,  19,  23,  26,  27,  1.0  mm. 
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longer  than  the  ventral  one  (Fig.  19).  The 
epigynum  has  slightly  different  propor- 
tions (Fig.  20)  and  appears  different  in 
posterior  view  (Fig.  21).  Much  more  dis- 
tinct is  the  structure  of  the  male  palpus, 
which  convinces  me  that  this  is  a  separate 
species  from  M.  guerini.  The  median 
apophysis  is  more  gently  lobed;  a  terminal 
apophysis  is  missing  (perhaps  it  has  been 
torn  off)  (Fig.  24).  The  hump  on  the  cym- 
bium  is  more  distinct  than  that  of  M. 
guerini  (Fig.  25). 

Micrathena  kochalkai  new  species 
Figures  26-30;  Map  2 

Holotype.  Female  from  Serra  Nueva  Granada,  Sierra 
Nevada  de  Santa  Marta,  1,930  m,  Dept.  Magda- 
lena,  Colombia  (J.  Kochalka,  MCZ).  The  species  is 
named  after  the  collector. 

Description.  Female.  Carapace  orange, 
black  on  sides.  Sternum  orange,  coxae 
lighter  orange.  Distal  leg  articles  orange 
with  gray  pigment.  Dorsum  of  abdomen 
light  orange  with  black  marks;  spines 
black;  venter  black;  area  between  book- 
lungs  light;  area  between  epigynum  and 
spinnerets  orange.  Carapace  with  three 
pairs  of  dimples,  first  pair  least  distinct; 
thoracic  depression  and  high  thorax.  Pos- 
terior median  eyes  slightly  larger  than 
others,  which  are  subequal.  Abdomen  with 
four  spines  (Figs.  26,  27).  Total  length,  7.4 
mm.  Carapace,  2.7  mm  long,  2.2  mm 
wide.  First  femur,  3.0  mm;  patella  and 
tibia,  3.5  mm;  metatarsus,  2.2  mm;  tarsus, 
0.9  mm.  Second  patella  and  tibia,  2.9  mm; 
third,  1.8  mm.  Fourth  femur,  3.5  mm;  pa- 
tella and  tibia,  3.2  mm;  metatarsus,  2.3 
mm;  tarsus,  0.9  mm. 

Diagnosis.  This  species  differs  from  M. 


guerini  by  the  narrow,  scapelike  fold  of 
the  epigynum  (Figs.  28,  30). 

Micrathena  atuncela  new  species 
Figures  31-39;  Map  2 

Holotype.  Female  holotype  and  six  female,  one  male 
paratypes  from  cloud  forest,  1,800  m  el.,  above 
Atuncela,  Dept.  Valle,  Colombia,  23  Nov.  1969 
(W.  Eberhard,  MCZ)  (female  paratypes,  AMNH, 
BMNH).  The  specific  name  is  a  noun  in  apposition 
after  the  type  locality. 

Description.  Female.  Carapace  light 
brown,  sides  darker  brown.  Chelicerae 
dark  brown.  Sternum  blackish  brown.  Legs 
dark  brown,  distal  articles  and  fourth  leg 
slightly  darker.  Dorsum  of  abdomen  white 
with  indistinct  black  pattern;  spines 
brownish  black;  sides  black  with  two  dor- 
soventral  rows  of  white  spots;  venter  black 
with  a  median  white  patch  behind  spin- 
nerets. Carapace  with  high  thorax,  a  tho- 
racic mark  and  narrow  rim;  lacking  dim- 
ples (Fig.  31).  Abdomen  with  three  pairs 
of  large  spines  and  sides  almost  parallel 
(Fig.  32).  Total  length,  7.0  mm.  Carapace, 
2.3  mm  long,  1.8  mm  wide.  First  femur, 

2.3  mm;  patella  and  tibia,  2.4  mm;  meta- 
tarsus, 1.7  mm;  tarsus,  0.9  mm.  Second 
patella  and  tibia,  2.2  mm;  third,  1.4  mm. 
Fourth  femur,  2.8  mm;  patella  and  tibia, 

2.4  mm;  metatarsus,  1.8  mm;  tarsus,  0.9 
mm. 

Male  from  type  locality  (having  been 
dry  and  moldy  at  one  time).  Carapace, 
sternum,  legs  orange-gray.  Dorsum  of  ab- 
domen with  black  and  white  marks;  ven- 
ter black.  Carapace  without  dimples;  me- 
dian thoracic  depression  distinct  (Fig.  37). 
First  coxa  with  small  hook,  second  femur 
with  proximal  groove.  First  femur  and 
tibia  with  macrosetae.   Abdomen  longer 


Figures  31-39.     Micrathena  atuncela  n.  sp.  31-36.  Female.  31.  Lateral.  32.  Dorsal.  33,  34.  Epigynum,  ventral.  34.  Lobe  torn 
off.  35.  Epigynum,  posterior.  36.  Epigynum,  lateral.  37-39.  Male.  37.  Dorsal.  38.  Left  palpus,  mesal.  39.  Palpus,  lateral. 

Figures  40-47.     r\/1icrattiena  bifida  (Taczanowski).  40-44.  Female.  40.  Lateral.  41 .  Dorsal.  42.  Epigynum,  ventral.  43.  Epigynum, 
posterior.  44.  Epigynum,  lateral.  45-47.  Male.  45.  Dorsal.  46.  Palpus,  mesal.  47.  Palpus,  lateral. 

Figures  48-52.     Micrathena  rubicundula  (Keyserling),  female.  48.  Lateral.  49.  Dorsal.  50.  Epigynum,  ventral.  51.  Epigynum, 
posterior.  52.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  31,  32,  37,  40,  41,  45,  48,  49,  1.0  mm. 
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than  wide,  sides  almost  parallel,  slightly 
scalloped,  posteriorly  with  three  pairs  of 
humps  (Fig.  37).  Total  length,  4.2  mm. 
Carapace,  1.9  mm  long.  Second  patella 
and  tibia,  1.3  mm;  third,  0.9  mm.  Fourth 
femur,  1.9  mm;  patella  and  tibia,  1.6  mm; 
metatarsus,  1.3  mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 
from  6.8  to  7.3  mm. 

Note.  The  anterior  lobe  of  the  epigy- 
num  may  be  torn  off  (Fig.  34),  probably 
when  mating. 

Diagnosis.  The  female  has  one  more 
pair  of  spines  on  the  abdomen  (Fig.  32) 
than  does  M.  guerini.  In  posterior  view,  it 
differs  from  M.  guerini  by  having  the 
dorsal  part  of  the  epigynum  wider  (Fig. 
35).  Females  differ  by  having  a  wide  an- 
terior lobe  on  the  epigynum  (Fig.  33); 
rubicundula  has  a  scape,  M.  bifida  a 
rounded  lobe.  Unlike  M.  guerini,  the 
male's  embolus  has  a  coil  near  its  tip  (Fig. 
38). 

Natural  History.  All  specimens  were 
collected  from  cloud  forest. 

Paratopes.  COLOMBIA:  Dept.  Valle. 
21  km  W  of  Cah,  20  March  1955,  $  (E.  1. 
Schlinger  and  E.  S.  Ross,  CAS). 

Micrathena  bifida  (Taczanowski) 
Figures  40-47;  Map  2 

Acrosoma  bifida  Taczanowski,  1879:  112,  pi.  1,  fig. 
29.  Female  lectotype  here  designated  and  two  fe- 
male paralectotypes  from  Amable  Maria  [Junin, 
Prov.  Tarma],  Peru  (PAN),  examined. 

Micrathena  bifida :^B.eimoseT,  1917:  112.  Roewer, 
1942:  954.  Bonnet,  1957:  2862. 

Description.  Female  lectotype.  Cara- 
pace, sternum,  legs  orange-brown.  Cara- 
pace darker  on  sides.  Dorsum  of  abdomen 
white  with  indistinct  black  marks  and 
darker  spines;  venter  black  with  paired 
white  patches.  Carapace  with  narrow  rim, 
circular  thoracic  depression,  and  three 
dimples  on  each  side;  thorax  high  (Fig. 
40).  Abdomen  trapezoidal  with  a  pair  of 
spines  one  third  from  anterior  end  and  a 
double  spine  on  each  posterolateral  corner 
(Fig.  41).  Total  length,  8.5  mm.  Carapace, 
2.7  mm  long,  2.0  mm  wide.  First  femur. 


2.5  mm;  patella  and  tibia,  2.7  mm;  meta- 
tarsus, 1.7  mm;  tarsus,  0.8  mm.  Second 
patella  and  tibia,  2.3  mm;  third,  1.5  mm. 
Fourth  femur,  2.8  mm;  patella  and  tibia, 
2.4  mm;  metatarsus,  1.8  mm;  tarsus,  0.8 
mm. 

Male.  Carapace  orange,  black  on  sides. 
Sternum,  coxae  orange.  Legs  blackish  or- 
ange. Dorsum  of  abdomen  orange  with 
some  black  and  some  tiny  white  pigment 
spots;  venter  orange,  black  on  sides  and 
some  black  behind  spinnerets.  Carapace 
with  thoracic  depression  and  three  pairs 
of  dimples,  posterior  ones  indistinct.  First 
coxa  with  hook;  groove  on  proximal  end 
of  second  femur.  Sides  of  abdomen  almost 
parallel,  undulating  (Fig.  45).  Total  length, 
5.8  mm.  Carapace,  2.4  mm  long,  1.5  mm 
wide.  First  femur,  1.9  mm;  patella  and 
tibia,  1.9  mm;  metatarsus,  1.2  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  1.6  mm; 
third,  0.9  mm.  Fourth  femur,  1.9  mm;  pa- 
tella and  tibia,  1.6  mm;  metatarsus,  1.2 
mm;  tarsus,  0.5  mm. 

Note.  Males  and  females  have  been 
matched  by  a  collection  of  four  females, 
three  males  and  two  juveniles  from  Ut- 
cuyacu,  Peru. 

Diagnosis.  Micrathena  bifida  females 
differ  from  M.  atuncela  by  the  short, 
rounded  lobe  of  the  epigynum  (Fig.  42). 
Males  differ  by  the  distinctive  shape  of 
the  median  apophysis  and  terminal 
apophysis  (Fig.  46). 

Distribution.  Andes  of  Peru  (Map  2). 

Records.  PERU:  Dept.  Junin.  Utcuya- 
cu,  1,600-2,200  m,  March  1948,  42,  33  (F. 
Woytkowski,  AMNH).  Ucayali.  Boque- 
ron,  Aug.  1946,  $  (F.  Woytkowski, 
AMNH). 

Micrathena  rubicundula  (Keyserling) 
Figures  48-52;  Map  2 

Acrosoma  rubicundulum  Keyserling,  1863:  74,  pi.  2, 
fig.  7.  Female  type  from  Santa  Fe  de  Bogota,  Neu 
Granada  [Bogota,  Colombia]  (BMNH),  examined; 
1892:  21,  pi.  1,  fig.  17,  9. 

Micrathena  rubicundula: — Reimoser,  1917:  130. 
Roewer,  1942:  962.  Bonnet,  1957:  2875.  Chicker- 
ing,  1960c:  87,  figs.  80-82,  9. 

Micrathena  lordotica  Mello-Leitao,  1941:  267,  fig.  4, 
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2.    Female   holotvpe   from    Bogota,    Colombia 
(MNRJ),  lost.  NEW  SYNONYMY. 

Synonymy.  Mello-Leitao's  figures  of  M. 
lordotica  and  the  description  best  match 
M.  rubicundulum.  Both  come  from  the 
same  locafity. 

Description.  Female.  Carapace  light 
orange,  sides  blackish;  posterior  darker  or- 
ange. Sternum  blackish  orange.  Legs  dusky 
on  orange.  Dorsum  of  abdomen  white  with 
spines  dark  orange,  sides  black,  and  ven- 
ter black  with  two  paraxial  white  lines. 
Carapace  with  thoracic  mark  and  very 
high  thorax;  without  dimples  (Fig.  48). 
Abdomen  with  three  pairs  of  large  spines 
(Fig.  49).  Total  length,  7.0  mm.  Carapace, 
2.6  mm  long,  1.8  mm  wide.  First  femur, 
2.3  mm;  patella  and  tibia,  2.6  mm;  meta- 
tarsus, 1.6  mm;  tarsus,  0.8  mm.  Second 
patella  and  tibia,  2.2  mm;  third,  1.4  mm. 
Fourth  femur,  2.6  mm;  patella  and  tibia, 
2.2  mm;  metatarsus,  1.6  mm;  tarsus,  0.8 
mm. 

Variation.  Females  vary  in  total  length 
from  7.0  to  7.3  mm. 

Note.  The  male  is  not  known. 

Diagnosis.  Micrathena  rubicundula  dif- 
fers from  the  other  species  in  this  group 
having  six  spines  and  a  scapelike  structure 
in  the  epigynum  (atuncela,  gurupi,  tere- 
sopolis  and  nigrichelis)  by  the  shape  of 
the  scape:  narrow,  elongate,  constricted 
proximally  and  without  annuli  (Figs.  50, 
52). 

Distribution.  Colombia,  Ecuador  (Map 

2). 

Records.  ECUADOR:  Prov.  Tungura- 
hua.  Baiios,  220-2,500  m,  April  1939,  2 
(W.  C.  Mclntyre,  MCZ). 

Micrathena  nigrichelis  Strand,  new  status 
Figures  53-60;  Map  2 

Micrathena  fissispina  var.  nigrichelis  Strand,  1908: 
4.  Female  holotype  from  Joinville,  Santa  Catarina, 
Brazil  (SMF),  examined.  Strand,  1915:  12.  Roewer, 
1942:  957.  Bonnet,  1957:  2867. 

Micrathena  henseli  Reimoser,  1917:  121,  pi.  7,  fig. 
19,  2.  Two  female  syntypes  from  Porto  Alegre,  Ser- 
ra  Geral,  S.  Cruz  [Rio  Grande  do  Sul],  Brazil 
(NMW),  examined.  Roewer,  1942:  959.  Bonnet, 
1957:  2870.  Camargo,  1950a:  450,  figs.  1,  2,  2,  S. 


Chickering,  1960c:  79,  figs.  52-57,  2,  S.  NEW  SYN- 
ONYMY. 

Synonymy.  Reimoser  did  not  recognize 
Strand's  description,  which  lacked  illus- 
trations, and  thought  his  specimens  be- 
longed to  a  new  species. 

Description.  Female.  Carapace  orange, 
thorax  dusky  on  sides.  Sternum  with  black 
pigment.  Legs  orange.  Dorsum  of  abdo- 
men orange-white,  anterior  half  darker; 
sides  with  fine  black  pigment  on  orange; 
venter  dusky  on  orange.  Carapace  with 
narrow  rim,  a  median  thoracic  mark  and 
three  pairs  of  dimples,  thorax  low.  First, 
second  and  fourth  femora  with  short  mac- 
rosetae.  Abdomen  with  three  pairs  of 
spines  and  a  minute  spine  below  postero- 
ventral  spine  (Figs.  53,  54).  Abdomen  soft 
and  finely  punctate.  Total  length,  8.0  mm. 
Carapace,  3.0  mm  long,  2.3  mm  wide. 
First  femur,  3.5  mm;  patella  and  tibia,  3.5 
mm;  metatarsus,  2.7  mm;  tarsus,  0.9  mm. 
Second  patella  and  tibia,  3.0  mm;  third, 
1.7  mm.  Fourth  femur,  4.3  mm;  patella 
and  tibia,  3.2  mm;  metatarsus,  2.6  mm. 

Male.  Carapace  orange-brown,  dark  on 
each  side  of  thorax.  Sternum  blackish.  First 
and  second  leg  brown,  third  and  fourth 
orange-gray.  Dorsum  of  abdomen  with 
some  white  marks  on  sides  and  black  pig- 
ment patches;  venter  black.  Carapace  with 
three  pairs  of  dimples,  rims  with  minute 
teeth.  First,  second  and  fourth  femora  with 
short  macrosetae.  First  coxa  with  hook, 
second  femur  with  groove.  Dorsum  of  ab- 
domen covered  with  minute  teeth  and  six 
small  spines  (Fig.  58).  Total  length,  5.3 
mm.  Carapace,  2.2  mm  long,  1.4  mm 
wide.  First  femur,  2.2  mm;  patella  and 
tibia,  2.2  mm;  metatarsus,  1.7  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  1.9  mm; 
third,  1.0  mm.  Fourth  femur,  2.4  mm;  pa- 
tella and  tibia,  1.7  mm;  metatarsus,  1.6 
mm;  tarsus,  0.6  mm. 

Variation.  Females  vary  in  total  length 
from  5.6  to  8.6  mm,  males  from  4.4  to  5.9 
mm.  Some  males  appear  to  mature  after 
fewer  instars  than  others.  In  females  the 
tiny  tooth  below  the  third  pairs  of  abdom- 
inal spines  is  often  absent.  Juveniles  may 
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have  three  pairs  of  spines  on  the  posterior 
end.  Females  from  Teresopohs  sympatric 
with  M.  teresopohs  are  small,  with  nar- 
rowed abdomen  and  have  the  two  poste- 
rior spines  on  each  side  extended  on  a 
common  stalk. 

Note.  Many  collections  have  males  and 
females  together.  The  point  of  the  median 
apophysis  probably  fits  into  the  depression 
of  the  female's  scape.  The  scape  is  not  torn 
off  when  mating. 

Diagnosis.  The  round  scape  of  the  epig- 
ynum  (Figs.  55,  57)  separates  females  of 
this  species  from  all  other  Micrathena,  in- 
cluding M.  teresopohs.  The  bulging  and 
projecting  tegulum,  the  pointed  median 
apophysis  (Fig.  59),  and  six  tiny  spines  on 
the  abdomen  (Fig.  58)  separate  the  males 
from  other  species. 

Natural  History.  Judging  by  the  large 
number  of  individuals  in  collections,  this 
species  must  be  abundant  wherever  it  oc- 
curs. It  has  been  collected  from  forests, 
roadsides  and  shrubs. 

Distribution.  Southeastern  Brazil  to 
northern  Argentina  (Map  2). 

Records.  BRAZIL:  Est.  Espirito  Santo. 
Santa  Leopoldina  (MZSP).  Rio  de  Janeiro. 
Alto  da  Tijuca;  Pico  de  Tijuca;  Petropolis; 
Niteroi;  Teresopolis;  Nova  Friburgo.  Mi- 
nas  Gerais.  Caxambu;  Lavras.  Sao  Patdo. 
33  km  S  of  Sao  Paulo;  Sao  Paulo;  Alto  da 
Serra;  Pirassununga;  Barueri;  Salesopolis; 
Sao  Bernardo;  Sao  Roque;  Cantareira; 
Limeira;  Botucatu;  Mirassol;  Guarulhos; 
Diadema;  Jarinu;  Monte  Alegre;  Rio  Claro; 
Cosmopolis;  Barueri;  Eng.  Marcilac.  Para- 
na. Rolandia;  Curitiba;  Araucaria;  Rincao; 
Guarapuava.  Santa  Catarina.  Blumenau. 
Rio  Grande  do  Sul.  Porto  Alegre;  Pelotas; 
Sao  Leopoldo;  Guaiba.  URUGUAY:  Dept. 


Treinta  y  Tres.  Rio  Olimar,  25  km  W 
Treinta  y  Tres.  Dept.  Lavaleja.  Seccion 
11a.  Maldonado.  Sierra  de  los  Animas. 
PARAGUAY:  Dept.  Paraguari.  Sapucai. 
ARGENTINA:  Prov.  Misiones.  Aguarai- 
Guazu;  Punto  Bemberg  Pasarele.  Salta. 
Cerro  San  Lorenzo;  Santa  Maria. 

Micrathena  teresopolis  new  species 
Figures  61-65;  Map  2 

Holotype.  Female  with  torn  scape  from  Serra  dos 
Orgaos,  1,000-8,000  m.  Est.  Rio  de  Janeiro,  Brazil, 
19  April  1965  (H.  Levi,  MZSP).  The  specific  name 
is  a  noun  in  apposition  after  the  type  locality. 

Description.  Female.  Carapace,  coxae, 
legs  orange.  Chelicerae  blackish.  Labium, 
sternum  and  endites  orange-brown.  Dor- 
sum of  abdomen  whitish  with  some  gray 
marks  on  sides;  sides,  venter  orange.  Book- 
lung  covers  and  ring  around  spinnerets 
blackish.  Carapace  with  a  median  tho- 
racic depression;  lighter  rim  and  dimples 
indistinct.  Abdomen  with  six  large  spines 
(Figs.  61,  62).  Total  length,  7.5  mm.  Car- 
apace, 2.6  mm  long,  2.0  mm  wide.  First 
femur,  2.6  mm;  patella  and  tibia,  2.6  mm; 
metatarsus,  2.0  mm;  tarsus,  0.9  mm.  Sec- 
ond patella  and  tibia,  2.4  mm;  third,  1.4 
mm.  Fourth  femur,  2.9  mm;  patella  and 
tibia,  2.5  mm;  metatarsus,  1.8  mm;  tarsus, 
0.8  mm. 

Variation.  Females  vary  in  total  length 
from  4.9  to  7.5  mm. 

Note.  Most  paratypes  have  the  tip  of 
the  scape  torn  off.  The  male  is  unknown. 

Diagnosis.  Unlike  females  of  M.  nigri- 
chelis,  the  scape  of  the  epigynum  is  nar- 
row with  parallel  sides  (Fig.  63).  The  dim- 
ples and  rim  of  the  carapace  are  less 
distinct  than  those  of  M.  nigrichehs,  and 


Figures  53-60.    Micrathena  nigrichelis  Strand.  53-57.  Female.  53.  Lateral.  54.  Dorsal.  55.  Epigynum,  ventral.  56.  Epigynum, 
posterior.  57.  Epigynum,  lateral.  58-60.  Male.  58.  Dorsal.  59.  Left  palpus,  mesal.  60.  Palpus,  lateral. 

Figures  61-65.    Micrathena  teresopolis  n.  sp.,  female.  61.  Lateral.  62.  Dorsal.  63.  Epigynum,  ventral.  64.  Epigynum,  posterior. 
65.  Epigynum,  lateral. 

Figures  66-73.     Micrathena  realin.  sp.  66-70.  Female.  66.  Lateral.  67.  Dorsal.  68.  Epigynum,  ventral.  69.  Epigynum,  posterior. 
70.  Epigynum,  lateral.  71-73.  Male.  71.  Dorsal.  72.  Palpus,  mesal.  73.  Palpus,  lateral. 

Scale  lines.     0.1  mm,  except  Figures  53,  54,  58,  61,  62,  66,  67,  71,  1.0  mm. 
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the  upper  posterior  spines  are  longer  than 
the  ventral  ones  (Figs.  61,  62). 

Natural  History.  Specimens  have  been 
collected  in  forest. 

Distribution.  Brazil,  Est.  Rio  de  Janeiro 
to  Sao  Paulo  (Map  2). 

Paratypes.  BRAZIL:  Est.  Rio  de  Janei- 
ro. Teresopolis,  7-9  Nov.  1945,  22,  imm. 
(H.  Sick,  AMNH);  Parque  Nacional  Ita- 
tiaia,  1,200  m,  4  April  1964,  2  (C.  E.  and 
E.  S.  Ross,  CAS);  Serra  dos  Orgaos,  1,000- 
1,800  m,  19  April  1965,  82  (H.  Levi,  MCZ). 
Sao  Paulo.  Sao  Jose  do  Barreiro,  S.  Bo- 
caina,  1960  m,  Nov.  1968,  2  (M.  Alva- 
renga,  AMNH). 

Micrathena  reati  new  species 
Figures  66-73;  Map  2 

Holotype.  Female  from  Itaimbezinho,  Est.  Rio 
Grande  do  Sul,  Brazil,  29  Dec.  1963  (Mauro  C. 
Real,  No.  01827,  FZRS).  The  species  is  named  after 
its  collector. 

Description.  Female.  Carapace,  legs  or- 
ange. Sternum  dark  orange,  darker  than 
coxae.  Dorsum  of  abdomen  white  with 
gray  marks  on  sides.  Venter  gray,  white 
posteriorly.  Carapace  with  distinct  tho- 
racic depression,  indistinct  rim,  no  dim- 
ples. Posterior  median  eyes  slightly  larger 
than  others,  which  are  subequal.  Abdo- 
men with  six  soft  spines;  posterior  lower 
spines  smaller  than  uppers  (Figs.  66,  67). 
Total  length,  8.1  mm.  Carapace,  3.0  mm 
long,  2.3  mm  wide.  First  femur,  2.8  mm; 
patella  and  tibia,  3.0  mm;  metatarsus,  2.1 
mm;  tarsus,  0.9  mm.  Second  patella  and 
tibia,  2.7  mm;  third,  1.7  mm.  Fourth  fe- 
mur, 3.2  mm;  patella  and  tibia,  2.7  mm; 
metatarsus,  1.9  mm;  tarsus,  0.7  mm. 

Male.  Carapace  orange,  sides  of  thorax 
slightly  darker.  Labium,  endites,  sternum 
black.  Coxae  and  legs  orange.  Dorsum  of 
abdomen  with  white  pigment  (Fig.  71), 
venter  black.  Carapace  with  three  indis- 
tinct pairs  of  dimples  and  a  thoracic 
depression.  Coxal  hook  small;  groove  on 
proximal  end  of  second  femur.  Abdomen 
in  poor  physical  condition.  Total  length, 
4.1  mm.  Carapace,  1.7  mm  long,  1.2  mm 
wide.   First  femur,   1.4  mm;  patella  and 


tibia,  1.4  mm;  metatarsus,  1.0  mm;  tarsus, 
0.5  mm.  Second  patella  and  tibia,  1.2  mm; 
third,  0.8  mm.  Fourth  femur,  1.5  mm. 

Variation.  Females  vary  in  total  length 
from  6.7  to  8.1  mm.  Of  the  seven  speci- 
mens available,  one  had  vague  indication 
of  dimples  on  the  carapace  and  one  had 
the  scape  torn  off. 

Note.  The  male  comes  from  the  same 
locality  as  females. 

Diagnosis.  This  species  differs  from  M. 
nigrichelis  by  lacking  dimples  on  the  car- 
apace (Figs.  66,  67)  and  by  having  a  nar- 
row scape  on  the  epigynum  (Fig.  68).  Un- 
like M.  teresopolis,  the  scape  has  a  neck 
and  a  dewlap  (Figs.  68,  70).  The  male  dif- 
fers by  having  the  median  apophysis  ap- 
pear as  a  narrow  hook  in  ventral  view,  and 
the  terminal  apophysis  attached  almost  to 
the  embolus  tip  (Fig.  72). 

Distribution.  Southeastern  Brazil  (Map 

3). 

Paratypes.  BRAZIL:  Est.  Sao  Paulo. 
Campos  do  Jordao,  15  Dec.  1944,  March 
1945,  3  Jan.  1948,  15  Dec.  1955,  22  Sept. 
1961,  62  (nos.  4544,  4633,  8353,  8104, 
6922,  MZSP);  March  1964,  S  (F.  Biasi,  no. 
3854,  MZSP). 

Micrathena  shealsi  Chickering 
Figures  74-78;  Map  2 

Micrathena  shealsi  Chickering,  1960a:  8,  figs.  13-17, 
9.  Female  holotype  from  Sunchal  [?  near  Salta, 
Salta  Prov.],  Argentina  (MCZ),  examined. 

Description.  Female.  Carapace  orange 
with  three  dark  brown  longitudinal 
streaks,  one  through  the  middle  and  one 
on  each  side.  Sternum,  coxae  light  yellow; 
distal  articles  of  legs  orange.  Dorsum  of 
abdomen  with  white  pigment  in  midline, 
blackish  on  sides;  venter  between  epigy- 
num and  spinnerets  yellow-white.  Cara- 
pace with  three  pairs  of  dimples,  a  distinct 
thoracic  depression  and  high  thorax.  The 
abdomen  has  six  soft  spines  (Fig.  75).  To- 
tal length,  8.2  mm.  Carapace,  2.8  mm 
long,  2.0  mm  wide.  First  femur,  2.9  mm; 
patella  and  tibia,  3.0  mm;  metatarsus,  1.9 
mm;  tarsus,  0.9  mm.  Second  patella  and 
tibia,  2.7  mm;  third,  1.7  mm.  Fourth  fe- 
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mur,  3.3  mm;  patella  and  tibia,  3.0  mm; 
metatarsus,  2.0  mm;  tarsus,  0.9  mm. 

Note.  It  is  uncertain  whether  the  epig- 
ynum  has  had  the  scape  torn  off  or  lacks 
one  altogether  (Fig.  76).  No  other  speci- 
mens similar  to  the  type  could  be  found 
in  collections. 

Diagnosis.  This  species  was  first  thought 
to  be  M.  nigrichelis  with  the  scape  of  the 
epigynum  torn  off,  but  it  differs  by  having 
a  light  sternum  and  a  pigmentless  median 
area  on  the  venter  of  the  abdomen. 

Micrathena  gurupi  new  species 
Figures  79-83;  Map  2 

Holotype.  Female  from  Caninde,  Rio  Gurupi,  Est. 
Para,  Brazil,  March-May  1964  (J.  Carvalho, 
AMNH).  The  specific  name  is  a  noun  in  apposition 
after  the  type  locality. 

Description.  Female.  Carapace  orange- 
brown,  rim  white.  Sternum  dark  brown, 
coxae  lighter.  Legs  grayish  brown.  Dor- 
sum of  abdomen  yellow-white  with  black 
marks;  sides  and  venter  black  with  white 
patches.  Carapace  with  distinct  thoracic 
depression.  Femora  tuberculate.  Abdo- 
men with  six  spines  (Figs.  79,  80).  Total 
length,  10.8  mm.  Carapace,  3.6  mm  long, 
3.2  mm  wide.  First  femur,  4.5  mm;  pa- 
tella and  tibia,  4.3  mm;  metatarsus,  3.3 
mm;  tarsus,  1.2  mm.  Second  patella  and 
tibia,  3.6  mm;  third,  2.1  mm.  Fourth  fe- 
mur, 5.2  mm;  patella  and  tibia,  4.4  mm; 
metatarsus,  3.7  mm;  tarsus,  1.2  mm. 

Variation.  Females  vary  in  total  length 
from  9.2  to  11.0  mm. 

Diagnosis.  This  species  is  larger  than 
Micrathena  rubicundula.  It  has  a  white 
rim  around  the  carapace,  and  the  scape 
of  the  epigynum  is  diamond-shaped  (Figs. 
81,  83). 

Distribution.  Suriname,  northern  Brazil 
(Map  2). 

Paratypes.  SURINAME:  Republiek, 
June  1963,  9  (P.  H.  van  Doesburg, 
AMNH);  Paramaribo,  Aug.  1962,  9  (P.  H. 
van  Doesburg,  AMNH).  BRAZIL:  Est. 
Para.  Caninde,  Oct.  1964,  29,  2  imm.  (B. 
Malkin,  AMNH),  Feb.-March  1964,  29,  2 
imm.  (J.  Carvalho,  AMNH). 


Micrathena  bogota  new  species 
Figures  84-88;  Map  2 

Holotype.  Female  and  juvenile  paratype  are  para- 
lectotypes  of  A.  elongatus  Keyserling  from  Bogota, 
Colombia  (BMNH).  The  specific  name  is  a  noun 
in  apposition  after  the  type  locality. 

Description.  Female.  Carapace  with 
head  yellow,  sides  of  carapace  orange. 
Chelicerae  orange.  Sternum,  first  coxae 
orange-brown  with  black  pigment.  Distal 
leg  articles  orange,  first  femur  darkest, 
fourth  lightest.  Dorsum  of  abdomen  with 
some  paired  black  patches  on  white;  sides 
with  some  indistinct  dusky  marks  on  pos- 
terior; venter  with  very  distinct  median 
black  band  having  parallel  sides,  continu- 
ing into  a  black  circle  around  spinnerets. 
Carapace  with  a  distinct  thoracic  depres- 
sion and  a  slight  rim  in  dorsal  view.  Tho- 
rax relatively  low.  Posterior  median  eyes 
slightly  larger  than  others,  which  are  sub- 
equal.  Abdomen  longer  than  wide,  with 
four  pairs  of  spines  (Figs.  84,  85).  Total 
length,  7.5  mm.  Carapace,  2.4  mm  long, 
1.9  mm  wide.  First  femur,  2.2  mm;  pa- 
tella and  tibia,  2.1  mm;  metatarsus,  1.4 
mm;  tarsus,  0.8  mm.  Second  patella  and 
tibia,  1.9  mm;  third,  1.2  mm.  Fourth  fe- 
mur, 2.5  mm;  patella  and  tibia,  2.0  mm; 
metatarsus,  1.4  mm;  tarsus,  0.7  mm. 

Note.  The  scape  of  the  epigynum  of  the 
type  is  torn  off  (Fig.  86). 

Diagnosis.  This  species  differs  from  M. 
pupa  and  M.  agriliformis  by  having  only 
eight  spines,  and  by  the  very  different 
epigynum  (Figs.  86-88),  which  allies  M. 
bogota  with  M.  guerini  and  M.  elongata. 
Micrathena  bogota  differs  from  the  sim- 
ilar M.  elongata  by  having  a  seemingly 
wider  scape  (Fig.  86),  and  the  base  of  the 
epigynum  set  off  from  the  dorsum  (Figs. 
86,  88);  in  posterior  view  there  is  a  distinct 
lobe  on  each  side  separated  by  the  median 
piece  (Fig.  87). 

Micrathena  elongata  (Keyserling) 
Figures  89-93;  Map  2 

Acrosoma  elongatum  Keyserling,  1863:  75,  pi.  2,  fig. 
8,  2.  Female  lectotype  here  designated  from  Santa 
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Fe  de  Bogota,  New  Granada  [Bogota,  Colombia] 
(BMNH),  examined.  1892:  22,  pi.  1,  fig.  19,  9. 
Micrathena  elongata: — Reimoser,  1917:  97.  Roewer, 
1942:  957.  Bonnet,  1957:  2866.  Chickering,  1960c: 
76,  figs.  38-40,  9. 

Types.  Paralectotypes  belong  to  three 
different  species:  an  immature  Wagner- 
iana,  a  female  and  two  immature  M.  pupa 
(Simon),  and  a  female  and  immature  of 
M.  bogota  n.  sp.  Keyserling's  description 
of  a  yellow  sternum,  high  thorax  and  lat- 
eral grooves  fits  only  the  lectotype:  eight 
spines  excludes  M.  pupa.  The  other  spec- 
imens may  have  been  added  to  the  vial  at 
a  later  time. 

Description.  Female.  Carapace  orange, 
brown  on  sides  of  thorax.  Sternum  orange 
with  white  pigment  spots.  Legs  orange- 
brown.  Dorsum  of  abdomen  white,  glossy; 
posterior  black.  Sides  blackish,  venter 
black  with  indistinct  white  band  on  each 
side.  Carapace  with  thoracic  depression; 
thorax  high,  lateral  rims  indistinct  in  dor- 
sal view.  Sides  of  abdomen  with  rows  of 
tiny  sclerites  but  no  grooves  (Figs.  89,  90). 
Total  length,  8.2  mm.  Carapace,  2.2  mm 
long,  1.6  mm  wide.  First  femur,  2.1  mm; 
patella  and  tibia,  2.2  mm;  metatarsus,  1.4 
mm;  tarsus,  0.7  mm.  Second  patella  and 
tibia,  2.0  mm;  third,  1.2  mm.  Fourth  fe- 
mur, 2.5  mm;  patella  and  tibia,  2.2  mm; 
metatarsus,  1.6  mm;  tarsus,  0.7  mm. 

Diagnosis.  This  species,  like  M.  bogota, 
differs  from  M.  agriliformis  and  M.  pupa 
by  having  eight  small  spines  (Figs.  89,  90). 
It  differs  from  M.  bogota  by  having  the 
scape  of  the  epigynum  narrower;  the  base 
is  not  set  off  (Figs.  91,  93);  in  posterior 
view  there  appear  to  be  two  openings,  one 
on  each  side  of  the  median  piece  (Fig.  92). 


The  kirbyi  Group 

Females  of  the  kirbyi  group  are  char- 
acterized by  having  an  epigynum  with  a 
raised,  T-shaped  structure  on  the  bulge:  a 
transverse  bar  with  a  posteromedian  lobe 
(Figs.  3-5).  This  may  be  modified  into  a 
transverse  bar  (Fig.  297)  or  into  a  trian- 
gular structure  (Figs.  104,  112,  361,  378, 
420).  It  is  very  similar  in  many  species.  Its 
profile  is  shaped  like  a  bird's  head  (Figs. 
5,  161,  180).  The  carapace  has  a  distinct 
thoracic  mark,  a  high  thorax,  and  up  to 
three  pairs  of  dimples  (Figs.  122,  123,  192, 
193). 

Males  always  have  a  hook  on  the  first 
coxa,  often  on  the  distal  posterior  edge 
(Fig.  2),  and  a  matching  groove  on  the 
proximal  end  of  the  second  femur,  facing 
the  hook  (Fig.  1).  Males  associated  with 
females  of  two  species  may  lack  hook  and 
groove  (M.  excavata,  M.  quadriserrata) . 
The  hook  is  larger  and  more  ventral  on 
the  coxae  of  M.  clypeata.  The  palpus  has 
a  paramedian  apophysis  attached  to  the 
conductor,  a  rectangular  median  apoph- 
ysis whose  distal  rim  is  sclerotized  and  bent 
over  (Levi,  1978:  fig.  40;  Figs.  143,  155), 
and  a  terminal  apophysis  forming  a  flat, 
lightly  sclerotized  flap  covering  the  em- 
bolus (Figs.  100,  108,  143,  155,  182). 

The  diagnostic  features  of  species  are 
the  arrangement  of  the  spines  on  the  ab- 
domen of  the  females  and  the  genitalia  of 
both  sexes.  Both  the  epigyna  and  palpi  of 
many  species  are  very  similar,  and  only 
obscure  details  separate  the  species.  In  fe- 
males the  posterior  view  of  the  epigynum 
must  be  examined;  in  males,  the  conduc- 
tor, embolus  and  terminal  apophysis  of  the 
palpus.  The  paracymbium  is  quite  similar 


Figures  74-78.     Micrathena  stieaisi  Chickering,  female.  74.  Lateral.  75.  Dorsal.  76.  Epigynum,  ventral,  scape  torn  off.  77. 
Epigynum,  posterior.  78.  Epigynum,  lateral. 

Figures  79-83.     Micrathena  gurupin.  sp.,  female.  79.  Lateral.  80.  Dorsal.  81.  Epigynum,  ventral.  82.  Epigynum,  posterior.  83. 
Epigynum,  lateral. 


Figures  84-88.     Micrathena  bogota  n.  sp.,  female.  84.  Lateral.  85.  Dorsal.  86.  Epigynum,  ventral,  scape  torn  off.  87.  Epigynum, 
posterior.  88.  Epigynum,  lateral. 
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Figures  89-93.     Micrathena  elongata  (Keyserling),  female.  89.  Lateral.  90.  Dorsal.  91 .  Epigynum,  ventral.  92.  Epigynum,  pos- 
terior. 93.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  74,  75,  79,  80,  84,  85,  89,  90,  1.0  mm. 
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Map  3.     Distribution  of  Micrathena  species  of  the  kirbyi  group. 


in  most  species  (Figs.  101,  109).  The  me- 
dian apophysis  is  also  similar  in  many 
species,  but  its  rim  and  lobe  (Figs.  6,  9) 
may  be  diagnostic. 

This  is  the  largest  species  group,  con- 
taining 45  species  out  of  a  total  of  104. 

Key  to  the  kirbyi  Group 
Females 
1.  No  sharp  spines  on  anterior  of  abdomen 

overhanging  carapace  (Figs.  103,  110, 


123)  (at  most  blunt  tubercles;  Figs.  116, 
177,  184,  193)  2 

-  Spines   on   anterior   of   abdomen    over- 

hanging carapace  (Figs.  231,  236,  243, 
277)  20 

2(1)        Abdomen  with  2  to  4  spines  (Figs.   170, 

177,  184,  193,  208) 3 

Abdomen  with  6  or  more  spines  or  tu- 
bercles    10 

3(2)       Abdomen  biforked  or  with  2  posterior 

spines  (Figs.  170,  177,  184)  _ 4 

-  Abdomen  with  4  posterior  spines  (Figs. 

193,  200,  208)  6 
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4(3)        Abdomen  biforked;  carapace  hairy  (Fig.  16(14) 

170);  Central  America  perhaps  to  Mato 
Grosso,  Map  4 furcula 

-  Abdomen  with  two  spines;  carapace  gla-  - 

brous  (Figs.  177,  184)  5 

5(4)        Venter  of  abdomen  with  three  pairs  of  17(16) 

red  patches  (Fig.  183);  Jamaica,  Map 
4 rufopunctata 

-  Venter  of  abdomen  without  hght  patches 

(Fig.  176);  Central  America,  Map  4 

bimucronata 

6(3)       Upper  spines  longer  than  lower  spines  18(16) 

(Figs.  207,  208,  213,  214,  218,  219)  7 

-  Upper    and    lower    spines    subequal    in 

length  (Figs.  192,  193,  199,  200,  225, 

226)  8 

7(6)       Dorsum  of  abdomen  white  with  black  19(18) 

pattern  (Fig.  219);  Cuba,  Map  4    .  cubana 

-  Dorsum    of   abdomen    white    to   orange  - 

(Figs.  208,  214);  Honduras  to  northern 

South  America,  Map  4  saccata      20(1) 

8(6)       Abdomen  often  with  black  pattern  (Fig. 

193);  eastern  North  America  to  west-  - 

ern  South  America,  Map  4 mitrata       21(20) 

-  Dorsum  of  abdomen  usually  light,  with- 

out pattern  (Figs.  200,  226)  9 

9(8)        Epigynum  with  Y-shaped  bar  and  lobe 

(Fig.  227);  Hispaniola,  Map  4 similis 

-  Epigynum   with  straight  transverse  bar 

and  a  wide  lobe  (Fig.  201);  southeast-  22(21) 

ern  Brazil  to  northern  Argentina,  Map 

4 patruelis 

10(2)     Abdomen  with  6  spines  _. 11       - 

Abdomen  with  8  or  more  spines  12 

11(10)  Epigynum  framed  on  each  side  (Figs. 

158,  159);  Ecuador,  Peru,  Map  3  23(22) 

...._ _ raimondi 

-  Epigynum  not  so  framed,  and  with  bar 

and  lobe  Y-shaped  (Fig.  166);  Amazon 

area.  Map  3 miles 

12(10)  Carapace  with  a  deep  transverse  groove  - 
(Fig.   115);  Central  America,  western 
South  America  to  Argentina,  Map  3 
crassa 

-  Carapace  not  so  grooved  (Figs.  102,  129, 

144)  1 3 

13(12)  Abdomen  with  8  long,  thin  spines  (Figs.  24(21) 
110,  111);  Mexico  to  Honduras,  Map  3 
zilchi 

-  Abdomen  with  spines  short  (Figs.   103, 

130,  150) _ 14      - 

14(13)  Abdomen  length  more  than  twice  width, 

with  10  tiny  spines  (Figs.  95,  103) 15      25(24) 

-  Abdomen  at  most  only  slightly   longer 

than  wide,  with  spines  larger  (Figs.  123,  - 

130,  137,  145,  150) 16 

15(14)  Lobe  of  epigynum  framed  on  each  side  26(25) 
by  sclerotized  cheeks  (Fig.    104);  Co- 
lombia, Ecuador,  Map  3  pupa 

-  Lobe  of  epigynum  not  so  framed  (Fig. 

96);  Costa  Rica  to  Bolivia,  Map  3  - 
- agriliformis 


Abdomen  with  one  large  spine  on  each 
side  and  6  posteriorly  (Figs.  145,  150) 
17 

Abdomen  with  no  spines  on  sides,  or  with 
one  or  two  small  ones  on  each  side  18 

Upper  two  posterior  spines  on  a  common 
stalk  (Figs.  149,  150);  eastern  South 
America  to  Bolivia,  Map  3 fissispina 

Two  lower  posterior  spines  some  distance 
from  upper  spines  (Fig.  144);  Colom- 
bia, Ecuador,  Map  3  gaujoni 

Two  spines  posteriorly  (Figs.  136,  137); 
Costa  Rica  to  northern  Argentina,  Map 
3 fidelis 

Three  spines  posteriorly  (Figs.  123,  129); 
southeastern  South  America  19 

Upper  posterior  spines  with  a  lobe  (Figs. 
122,  123) digitata 

Upper  posterior  spine  not  lobed  (Figs. 
129,  130) furva 

Abdomen  with  6  spines  (Figs.  230,  231); 
Bolivia,  Map  5 coroico 

Abdomen  with  8  to  12  spines  ._ 21 

Abdomen  with  8  spines  (Figs.  235,  236, 
242,  243,  406)  (rarely  with  10;  crassi- 
spina  with  tiny  5th  pair;  lucasi  with 
tiny  2nd  pair)  22 

Abdomen  with  10  or  12  spines;  third  pair 
sometimes  minute 24 

Epigynum  with  2  light  depressions  on 
ventral  face  of  semispherical  bulge 
(Fig.  407);  Chiapas,  Map  6 lenca 

Epigynum  with  usual  transverse  bar  hav- 
ing a  posterior  median  lobe  (Figs.  237, 
247)  23 

Third  and  fourth  spines  originating  from 
joint  base  on  each  side  (Figs.  242-246); 
lobe  of  epigynum  light  colored  and 
without  frame  on  each  side  (Fig.  247), 
Mexico  to  southeastern  Brazil  lucasi 

Third  and  fourth  spines  well  separated 
and  facing  opposite  directions  (Fig. 
235);  lobe  of  epigynum  dark,  with  a 
semicircular  frame  on  each  side  (Fig. 
237);  southeastern  Brazil  to  Bolivia, 
Map  5 crassispina 

Abdomen  wider  than  long;  fourth  pair 
of  spines  with  a  posterior  lobe  (Figs. 
276,  277);  Colombia  to  Peru,  Map  5  .. 
_ stuebeli 

Abdomen  longer  than  wide  or  as  wide  as 
long;  none  of  spines  with  lobe 25 

Abdomen  with  10  spines  (Figs.  253,  272, 
419)  26 

Abdomen  with  12  or  more  spines  (Figs. 
313,  327,  370,  395) 31 

Dorsum  of  abdomen  very  flat;  10  thick 
spines  around  margin  (Fig.  419);  Pan- 
ama, Colombia,  Amazon  area.  Map  6 
clypeata 

Dorsum  of  abdomen  otherwise  (Figs.  253, 
267,  272,  284)  _ 27 
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Map  4.     Distribution  of  Micrathena  species  of  the  kirbyi  group. 


MiCRATHENA  AND  Chaetacis  •  Levi 


465 


Map  5.     Distribution  of  Micrathena  species  of  the  kirbyl  group. 


27(26)  Three  pairs  of  posterior  spines;  the  two 
lower  pairs  some  distance  from  upper 
(Figs.  271,  283);  southeastern  Brazil 28 

-  Two  pairs  of  posterior  spines  (Figs.  252, 

261 ,  266) 29 

28(27)  Abdomen  narrow,  slightly  constricted 
between  second  and  third  pairs  of 
spines  (Fig.  272);  transverse  bar  of 
epigynum  not  framed  (Fig.  273);  Map 
5 lindenbergi 

-  Abdomen    wider,    not    constricted    (Fig. 

284);  Map  5  guanabara 


29(27)  Abdomen  with  black  and  white  pattern 
as  in  Figures  266,  267;  Guianas,  Am- 
azon, Map  5 kirbyi 

-  Abdomen  without  such  pattern  30 

30(29)  Transverse  bar  of  epigynum  short,  an- 
terior lip  curved  posteriorly  on  each 
side,  framing  lobe  (Fig.  254);  posterior 
view  of  epigynum  with  central  flat, 
light  area  (Fig.  256);  Panama,  Peru  to 
southeastern  Brazil,  Map  5  macfarlanei 

-  Transverse  bar  straight  and  long;  ante- 

rior lip  not  curved  into  a  lateral  frame 
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40(38) 


(Fig.  263);  posterior  view  of  epigynum 
with  a  narrow,  dark,  swollen  area  (Fig. 

264);  Amazon  area,  Map  5  armigera 

31(25)  Posterodorsal  spines  on  wings  separated 

by  a  notch  (Figs.  370,  377,  387)  32 

-  Posterodorsal  spines  on  corners  of  abdo- 

men not  separated  by  a  distinct  notch 
34 

32(31)  Notch  shallow  (Fig.  370);  transverse  bar 
of  epigynum  without  median  lobe,  al- 
most narrower  in  middle  (Fig.   371); 

Chiapas  to  Venezuela,  Map  6 

_ quadriserrata 

Notch  distinct  (Figs.   377,  387);  epigy- 
num otherwise  33 

33(32)  Epigynum  a  triangular  knob,  often  torn, 
framed  on  each  side  (Fig.  378,  379); 
Mexico,  Guatemala,  Map  6 triserrata 

-  Epigynum  with  short  transverse  bar  (Fig. 

388);  Panama  to  Argentina,  Map  6  

brevispina 

34(31)  Venter  of  abdomen  with  a  soft  spine  on 
each  side  of  spinnerets  (Fig.  347);  2nd, 
3rd,  4th,  6th  spine  pairs  dark,  5th  pair 
light  (Fig.  348);  Panama  to  Argentina, 
Map  6 excavata 

-  No  such  ventral  spines;  all  spines  the  same 

color 35 

35(34)  Epigynum  without  transverse  bar  (Fig. 
412),  or  bar  forming  a  projecting  lobe, 
usually  torn  off  (Figs.  396-401);  Chia- 
pas to  Panama _ 36 

-  Epigynum   with   transverse  bar  having 

usually  a  posterior  median  lobe 37 

36(35)  Epigynum  a  bulge  with  longitudinal 
grooves  (Figs.  412-414);  Chiapas,  Map 
6 tziscao 

-  Epigynum  with  a  median  lobe  (Figs.  396- 

398);  usually  torn  off,  leaving  a  trans- 
verse depression  (Figs.  399-401);  Nic- 
aragua to  Panama,  Map  6  molesta       1. 

37(35)  Epigynum  with  subtriangular  lobe,  long- 
er than  wide  (Fig.  361);  abdomen  with 
14  spines  (Figs.  359,  360);  Goias,  Map 

6 hananal 

Epigynum  otherwise  _ 38 

38(37)  Anterior  edge  of  transverse  bar  of  epig- 
ynum swollen,  convex  (Figs.  315,  316, 
356)  39 

-  Anterior  edge  of  transverse  bar  concave 

or  straight  (Figs.  329,  330,  366)  40 

39(38)  Abdomen  with  a  lobe  between  2nd  and 
3rd  spines  (rarely,  a  small  tooth  before 
2nd  pair  of  spines)  (Figs.  313,  314); 
Panama,  West  Indies  to  northern  Ar- 
gentina, Map  6  plana      4(3) 


41 


42 


Abdomen  otherwise  (Fig.  355),  Map  6  ... 
marta 

Abdomen  with  18  spines,  5  of  equal  size 
on  each  side  (Figs.  364,  365);  Goias, 
Map  6 alvarengai 

Abdomen  with  less  than  18  spines  or,  if 
with  18,  only  four  of  equal  size  on  each 

side 

41(40)  Posterodorsal  spine  trifid  (Figs.  290,  291, 
326)  

Posterodorsal  spine  bifid  (Figs.  304,  337), 

or  undivided  (Fig.  342) 43 

42(41)  Two  spines  on  each  side  between  ante- 
rior and  trifid  spine  (Figs.   292-295); 

Guatemala  to  Colombia,  Map  6 

duodecimspinosa 

-  Three  or  more  spines  of  equal  size  on 
each  side  between  anterior  and  trifid 
spine  (Figs.  327,  328);  Colombia  to 
southeastern  Brazil,  Map  6  triangularis 

43(41)  Epigynum  in  posterior  view  with  a  light 
lobe  on  each  side  of  median  plate  (Fig. 

307);  Costa  Rica,  Panama,  Map  6 

parallela 

-  Posterior  view  of  epigynum  otherwise 
(Figs.  340,  345);  Peru 44 

44(43)  Median  plate  of  epigynum  constricted 
ventrally  in  posterior  view  (Fig.  345); 
Map  6 exlinae 

-  Median  plate  of  epigynum  with  parallel 
sides  in  posterior  view  (Fig.  340);  Map 
6 huanuco 


Mai 


es 


Note.  The  males  for  many  species  are  unknown; 
for  others  the  association  with  females  is  uncertain. 


First  coxa  with  hook  on  distal  end  (Fig. 
2);  second  femur  with  proximal  groove 
(Fig.  1 )  3 

First  coxa  without  hook;  second  femur 
without  groove 2 

Rim  of  median  apophysis  thorn-shaped 
(Fig.  353)  suspected  male  of  excavata 

Rim  with  concave  edge  (Fig.  375);  Chia- 
pas to  Venezuela,  Map  6 quadriserrata 

Rim  of  median  apophysis  bearing  nar- 
row prong  pointing  to  base  of  median 
apophysis  (Fig.  424);  abdomen  barely 
longer  than  wide  (Fig.  423);  Panama 
to  Amazon  area,  Map  6  clypeata 

Rim  of  median  apophysis  otherwise 4 

Lobe  of  median  apophysis  extended  and 


2(1) 


3(1) 


Map  6.     Distribution  of  Micrathena  species  of  the  kirbyi  group. 
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5(4) 


6(5) 


7(6) 


8(7) 


9(7) 


10(9) 


11(10) 
12(11) 

13(12) 
14(10) 

15(14) 


projecting  (Figs.  416,  417);  Chiapas, 
Map  6 tziscao 

Lobe  of  median  apophysis  not  extended 
_ _ 5 

Abdomen  with  6  spines  (Fig.  58);  south- 
eastern Brazil  to  Argentina,  Map  2  

_ nigrichelis 

Abdomen  without  spines  6 

Rim  of  median  apophysis  wider  than  half 
its  length  (Figs.  121,  384,  403);  species 
occurring  in  Mexico  and  Central 
America  7 

Rim  of  median  apophysis  not  wider  than 
half  its  length,  or,  if  so,  then  species 
not  occurring  in  Mexico  or  Central 
America  9 

Rim  of  median  apophysis  with  notch  on 
inside  margin  (Fig.  121);  Costa  Rica  to 

northern  Argentina,  Map  3 

suspected  male  of  crassa 

Rim  entire 8 

Distal  section  of  tegulum  pointed  (Fig. 
403,  upper  right);  upturned  sclerotized 
hook  at  tip  of  embolus  (Fig.  403);  Nic- 
aragua to  Panama,  Map  6  molesta 

Distal  section  of  tegulum  rounded  (Fig. 
384);  tip  of  embolus  turned  down  (Fig. 
384);  Mexico  to  Guatemala,  Map  6  ..._.. 
triserrata 

Rim  of  median  apophysis  extended  into 

a  finger  (Fig.  46);  Peru,  Map  2 

suspected  male  of  bifida 

Rim  otherwise 10 

Embolus  exposed  (Figs.  16,  25,  38,  375) 
or  covered  by  parallel,  sclerotized  ter- 
minal apophysis  (Figs.  16,  375)  11 

Embolus  covered  in  part  by  transparent, 
flat  terminal  apophysis  (Figs.  59,  100, 
205);  only  short  pieces  of  embolus  ex- 
posed    14 

Embolus  with  a  distal  coil  (Fig.  38);  Co- 
lombia, Map  2 atuncela 

Embolus  tip  not  coiled  12 

Embolus  and  surrounding  area  as  in  Fig- 
ure 375;  Chiapas  to  Venezuela,  Map  6 
quadriserrata 

Embolus  and  surrounding  area  otherwise 
(Figs.  16,  25);  South  America 13 

Embolus  filiform,  distally  curved  (Fig. 
24);  Ecuador,  Map  2 pilaton 

Embolus  heavy  and  straight  (Fig.  16); 
Colombia,  Map  2 guerini 

Radix  with  "upper"  lobe  (Fig.  303,  on 
left,  close  to  cymbium  edge);  Guate- 
mala to  Colombia,  Map  6  

— — duodecimspinosa 

Radix  with  margin  straight  ...._ 15 

Embolus  looping  "above"  terminal 
apophysis  (Figs.  212,  325) 16 

Embolus  with,  at  most,  only  tip  exposed 
(Figs.  143,  163)  17 


16(15)  Wide  terminal  apophysis  S-curved  and 
gently  narrowing  to  tip  (Fig.  325); 
Central  America,  West  Indies  to  Ar- 
gentina, Map  6 _ plana 

-  Narrow   terminal   apophysis,   bent   near 

base  (Fig.  212);  Honduras  to  Amazon 

area.  Map  4 _ saccata 

17(15)  Terminal  apophysis  with  a  round  distal 
notch  (Fig.  72);  southeastern  Brazil, 
Map  2 reali 

-  Terminal  apophysis  without  such  distal 

notch 18 

18(17)  Terminal  apophysis  widening  distally  and 
truncate;  median  apophysis  rim  form- 
ing a  spine  (Fig.  282);  Colombia,  Ec- 
uador, Map  5  ...  suspected  male  of  stuebeli 
Terminal  apophysis  and  median  apoph- 
ysis otherwise 19 

19(18)  Terminal  apophysis  with  an  "upper"  lobe 
above  cymbium  (Fig.  241,  upper  left); 
southeastern  Brazil  to  Bolivia,  Argen- 
tina, Map  5 crassispina 

-  Terminal  apophysis  without  such  a  lobe 

20 

20(19)  Tip  of  embolus  extended  beyond  tip  of 
terminal  apophysis  (Figs.  100,  108,  143, 
224,  289) _ __...  21 

-  Tip  of  embolus  not  showing 25 

21(20)  Embolus  tip  biforked  (Fig.  224);  Cuba, 

Map  4 _ cubana 

-  Embolus  not  forked  22 

22(21)  Embolus  tip  long  and  filiform  (Fig.  108) 

suspected  male  of  pupa 

Embolus  tip  short  (Figs.  100,  143,  289)  . 
23 


23(22) 
24(23) 


Embolus  tip  curved  (Fig.  143)  ...._ 

suspected  male  of  fidelis 


Embolus  tip  straight  (Figs.  100,  289)  24 

Embolus  filiform  (Fig.  289);  southeastern 

Brazil,  Map  5 guanabara 

Embolus  thick  (Fig.  100) 

suspected  male  of  agriliformis 

25(20)  Conductor  showing  as  a  triangular  scler- 
ite  "below"  tip  of  terminal  apophysis 
(Fig.  336);  Venezuela,  Colombia  to 
southeastern  Brazil,  Map  6  triangularis 

-  Conductor  otherwise  26 

26(25)  Terminal  apophysis  relatively  small,  dis- 
tal half  narrow  (Figs.  128,  135);  south- 
eastern Brazil  27 

-  Terminal  apophysis  otherwise  28 

27(26)  Conductor  its  width  distant  from  cym- 
bium (Fig.  128);  Map  3  digitata 

-  Conductor  one  and  a  half  times  its  width 

distant  from  cymbium  (Fig.  135);  Map 

3 furva 

28(26)  Rim  of  median  apophysis  very  large,  a 
tiny  notch  on  distal  margin,  and  lobe 

almost  absent  (Fig.  121)  

suspected  male  of  crassa 

-  Median  apophysis  otherwise _ 29 
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29(28)  Conductor  visible  as  a  drop-shaped 
structure;  median  apophysis  with  rim 
pointed  (Fig.  155);  eastern  South 
America,  Bolivia,  Map  3 fissispina 

-  Conductor  and  median  apophysis  oth- 

erwise    30 

30(29)  Bulb  wider  than  long,  with  tegulum 
pointed   "above"   (Fig.   310,   upper 

right);  Costa  Rica,  Panama,  Map  6 

parallela 

-  Bulb  shorter,  with  tegulum  rounded 

"above"  31 

31(30)  Terminal  apophysis  with  "upper"  border 

concave  or  with  shallow  notch  32 

Terminal  apophysis  otherwise  35 

32(31)  Terminal  apophysis  with  three  lobes  (Fig. 

182);  Chiapas  to  Panama,  Map  4  

bimucronata 

-  Terminal  apophysis  not  so  lobed 33 

33(32)  Upper  margin  of  terminal  apophysis 
straight,  with  shallow  distal  notch  (Fig. 
175);  Guatemala  to  Colombia,  Map  4 
furcula 

-  Upper    margin    of    terminal    apophysis 

curved  (Figs.  198,  205,  206)  34 

34(33)  Truncate  distal  end  of  terminal  apoph- 
ysis turned  "up"  (Fig.  198);  eastern  U.S. 

to  western  South  America,  Map  4 

mitrata 

-  Distal  end  of  terminal  apophysis  point- 

ing "down"  (Figs.  205,  206);  south- 
eastern Brazil  to  northern  Argentina, 
Map  4 _ patruelis 

35(31)  Terminal  apophysis  with  distal  point 
folded  over  (Fig.  163);  rim  of  median 
apophysis   with   wide,    shallow   notch 

(Fig.  163);  Ecuador,  Peru,  Map  3 

raimondi 

-  Terminal   apophysis   otherwise;   median 

apophysis  without  such  notch  36 

36(35)  Base  of  median  apophysis  sclerotized  and 

sculptured  (Figs.  259,  260,  289) 37 

-  Base  of  median  apophysis  not  sclerotized 

(Figs.  251,  393)  38 

37(36)  Conductor  holding  tip  of  embolus  in  a 
shallow,  curved  dish  (Fig.  289);  south- 
eastern Brazil,  Map  5 guanabara 

Conductor  otherwise  (Figs.  259,  260); 
Panama  to  southeastern  Brazil,  Map  5 
macfarlanei 

38(36)  Terminal  apophysis  with  a  sclerotized, 
pointed  tip  (Fig.  393);  median  apoph- 
ysis square  (Fig.  393);  Panama  to 
southeastern  Brazil,  Map  6  brevispina 

-  Terminal  apophysis  with  truncate,  over- 

hanging appendage  (Fig.  251);  median 
apophysis  longer  than  wide  (Fig.  251); 
Mexico  to  southeastern  Brazil,  Map  5 
__ lucasi 


Micrathena  agriliformis  (Taczanowski) 
Figures  94-101;  Map  3 

Acrosoma  agriliformis  Taczanowski,  1879:  119,  pi. 
11,  fig.  33,  9.  Female  lectotype  here  designated 
from  Paltaypampa,  male  paralectotype  from  Pu- 
mamarca  [both  Dept.  Junin,  Prov.  Tarma],  Peru 
(PAN),  examined. 

Araneus  agriliformis:- — Simon,  1895:  858.  Bonnet, 
1955:  425. 

Note.  Reimoser  (1917)  considered  Tac- 
zanowski's  description  unrecognizable.  It 
is  only  listed  in  Reimoser's  index.  Roewer 
does  not  list  this  species;  Bonnet  places  it 
in  Araneus. 

Description.  Female.  Carapace  brown, 
sides  of  thorax  darker.  Sternum  dark 
brown.  Legs  brown,  coxae  and  femora 
lightest,  distal  articles  darker.  Dorsum  of 
abdomen  all  white  with  black  patches  (Fig. 
95);  sides  black,  venter  black  without 
marks.  Thoracic  depression  circular.  Ab- 
domen much  longer  than  wide,  soft,  with 
five  pairs  of  tiny  spines  (Figs.  94,  95).  To- 
tal length,  7.5  mm.  Carapace,  2.0  mm 
long,  1.5  mm  wide.  First  femur,  1.9  mm; 
patella  and  tibia,  1.9  mm;  metatarsus,  1.2 
mm;  tarsus,  0.7  mm.  Second  patella  and 
tibia,  1.7  mm;  third,  1.1  mm.  Fourth  fe- 
mur, 2.1  mm;  patella  and  tibia,  1.7  mm; 
metatarsus,  1.0  mm;  tarsus,  0.7  mm. 

Male  paralectotype.  Carapace,  sternum 
dark  brown.  Legs  brown,  coxae  and  fem- 
ora lighter,  distal  articles  dark.  Dorsum  of 
abdomen  dark  with  very  little  white  pig- 
ment; sides,  venter  black.  First  coxa  with 
hook.  First  and  second  femur  and  tibia 
with  macrosetae,  the  second  more  strong- 
ly armed.  Abdomen  longer  than  wide  (Fig. 
99).  Total  length,  4.5  mm.  Carapace,  1.8 
mm  long,  1.3  mm  wide.  First  femur,  1.5 
mm;  patella  and  tibia,  1.4  mm;  metatar- 
sus, 0.8  mm;  tarsus,  0.5  mm.  Second  pa- 
tella and  tibia,  1.2  mm;  third,  0.7  mm. 
Fourth  femur,  1.6  mm;  patella  and  tibia, 
1.3  mm;  metatarsus,  0.8  mm;  tarsus,  0.5 
mm. 

Islote.  The  original  collection  had  males 
and  females  matched.  A  male  from  Peru 
was  with  a  penultimate  instar  female.  The 
many   males  and  few  females  collected 
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make  me  uncertain  of  this  species.  Are 
some  males  those  of  M.  fidelis? 

Diagnosis.  Females  differ  from  M.  pupa 
by  the  shape  of  the  epigynum,  having  the 
transverse  bar  V-shaped  (Fig.  96).  The 
male  differs  from  M.  pupa  by  having  a 
shorter  embolus  (Fig.  100),  and  from  both 
M.  pupa  and  M.  fidelis  by  having  the  em- 
bolus pass  under  the  middle  of  the  ter- 
minal apophysis  (Fig.  100)  in  mesal  view. 
The  sclerotized  rim  of  the  median  apoph- 
ysis is  relatively  smaller  (Fig.  100). 

Distribution.  Costa  Rica  to  Bolivia,  in 
mountains  (Map  3). 

Records.  COSTA  RICA:  Prov.  Puntare- 
nas.  Bosque  Nuboso,  Monteverde,  cloud 
forest,  1,580  m  el.,  22  July  1978,  S,  imm. 
(C.  L.  Craig,  P.  Klass,  MCZ).  San  Jose. 
Pico  Blanco,  above  Escazu,  2,000  m, 
March  1983,  S  (W.  Eberhard,  MCZ). 
PERU:  Hudnuco  Dept.  Carpish  Mts.,  51 
km  NE  of  Huanuco,  28  Dec.  1954,  juv.  $, 
6  (E.  I.  Schlinger,  E.  S.  Ross,  CAS).  Cuzco. 
above  Machu  Pichu,  2,600-2,800  m,  1-5 
July  1964,  S  (B.  Malkin,  AMNH).  BOLIV- 
IA: Dept.  Cochabamba.  Sihuencas,  2,200 
m  el,  Los  Yungas,  25  Sept.  1953,  69  (W. 
Forster,  ZSM). 

Micrathena  pupa  Simon 
Figures  102-109;  Map  3 

Micrathena  pupa  Simon,  1897b:  469.  Twelve  fe- 
male, one  male  and  juvenile  syntypes  from  Loja, 
Ecuador  (No.  10553,  MNHN),  examined  and  re- 
labeled. Reimoser,  1917:  131.  Roewer,  1942:  962. 
Bonnet,  1957:  2875. 

Note.  The  left  palpus  of  the  male  syn- 
type  is  lost. 

The  illustrations  were  made  from  a  fe- 
male from  Bogota,  Colombia,  a  paralec- 


totype  of  Acrosoma  elongata  Keyserling 
in  the  BMNH,  and  a  male  from  Tungura- 
hua,  Ecuador.  This  male  had  the  basal  he- 
matodocha  slightly  expanded,  but  in  the 
illustration  the  bulb  and  cymbium  were 
placed  in  their  unexpanded  position. 

Description.  Female  syntype.  Carapace 
brown,  light  in  head  region,  slightly  dark- 
er on  sides  of  thorax.  Sternum  dark  brown. 
Coxae,  legs  light.  Dorsum  of  abdomen  soft, 
shiny  white  with  gray  and  black  streaks; 
sides  with  a  longitudinal  band  from  an- 
terior to  posterior  dorsal  spine;  venter 
black  between  spinnerets  and  epigynum, 
gray  below  pedicel.  Thoracic  depression 
circular;  lacking  dimples  and  rim.  Abdo- 
men with  ten  small  spines:  one  anterior 
pair  in  middle  on  sides  and  three  posterior 
pairs  (Figs.  102,  103).  Total  length,  7.3 
mm.  Carapace,  2.5  mm  long,  1.8  mm 
wide.  First  femur,  1.8  mm;  patella  and 
tibia,  1.9  mm;  metatarsus,  1.1  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  1.8  mm; 
third,  1.1  mm.  Fourth  femur,  2.2  mm;  pa- 
tella and  tibia,  1.7  mm;  metatarsus,  1.2 
mm;  tarsus,  0.7  mm. 

Male  syntype.  Coloration  like  female. 
Thoracic  depression  distinct.  First  coxa 
with  small  hook,  second  femur  with 
groove.  Abdomen  with  sides  parallel  an- 
teriorly, narrowing  posteriorly,  with  a 
slight  notch  at  the  posterior  end  (Fig.  107). 
Total  length,  4.5  mm.  Carapace,  1.9  mm 
long,  1.7  mm  wide.  First  femur,  1.5  mm; 
patella  and  tibia,  1.5  mm;  metatarsus,  0.8 
mm;  tarsus,  0.4  mm.  Second  patella  and 
tibia,  1.3  mm;  third,  0.7  mm.  Fourth  fe- 
mur, 1.5  mm;  patella  and  tibia,  1.2  mm; 
metatarsus,  0.9  mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 


Figures  94-101.     Micrathena  agriliformis  {Jaczar\ovjsW\).  94-97.  Female.  94.  Lateral.  95.  Dorsal.  96.  Epigynum,  ventral.  97. 
Epigynum,  posterior.  98.  Epigynum,  lateral.  99-101.  Male  99.  Dorsal,  100.  Left  palpus,  mesal.  101.  Palpus,  lateral. 

Figures  102-109.     tvlicrattiena  pupa  Simon.  102-106.  Female.  102.  Lateral.  103.  Dorsal.  104.  Epigynum,  ventral.  105.  Epigy- 
num, posterior.  106.  Epigynum,  lateral.  107-109.  Male.  107.  Dorsal.  108.  Palpus,  mesal.  109.  Palpus,  lateral. 

Figures  110-114.     l\/licrattiena  zilctii  Kraus,  female.  110.  Lateral.  111.  Dorsal.  112.  Epigynum,  ventral.  113.  Epigynum,  poste- 
rior. 114.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  94,  95,  99,  102,  103,  107,  110,  111,  1.0  mm. 
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from  7.3  to  7.4  mm,  males  from  4.5  to  4.6 
mm. The  female  from  west  of  Quito  has 
the  lateral  sclerotized  areas  of  the  epigy- 
num  straight  rather  than  convex. 

Note.  Simon's  original  collection  con- 
tained females  with  adult  males.  There  is 
no  reason  to  doubt  the  match. 

Diagnosis.  Micrathena  pupa  differs 
from  the  similar  M.  agriliformis  by  hav- 
ing the  transverse  bar  of  the  epigynum 
straight,  forming  a  triangle  with  the  lobe 
(Fig.  104);  M.  agriliformis  has  it  notched. 
Males  have  a  thin  threadlike  embolus  (Fig. 
108),  while  M.  agriliformis  has  a  thick, 
only  slightly  curved  embolus. 

Distribution.  Colombia  to  Ecuador,  in 
mountains  (Map  3). 

Records.  COLOMBIA.  Dept.  Cundi- 
namarca.  Bogota,  2  (Keyserling  coll., 
BMNH).  ECUADOR:  Tungurahua  Prov. 
Tungurahua,  2,600  m,  6  May  1939,  26  (W. 
Clarke-Macintyre,  AMNH).  Pichincha.  50 
km  W  of  Quito,  2,100  m,  9  (L.  Pena, 
MCZ). 

Micrathena  zitchi  Kraus 
Figures  110-114;  Map  3 

Micrathena  zilchi  Kraus,  1955:  29,  pi.  4,  figs.  76-78, 
5.  Female  holotype,  17  female  paratypes  from  Vol- 
can  Las  Naranjos,  1,600  m,  El  Salvador  (SMF), 
examined. 

Description.  Female  paratype.  Cara- 
pace dark  brown,  head  lightest;  rim  white. 
Sternum  blackish  brown,  legs  black.  Dor- 
sum of  abdomen  yellow-white  with  black 
marks  and  black  spines;  sides  with  longi- 
tudinal black  bands  towards  spinnerets  and 
additional  ones  crossing;  venter  with 
paired  white  patches  on  black.  Carapace 
with  median  thoracic  mark  and  narrow 


rim;  no  dimples.  Abdomen  with  eight 
sharp  sclerotized  spines  (Fig.  111).  Total 
length,  12.6  mm.  Carapace,  3.6  mm  long, 
3.6  mm  wide.  First  femur,  5.1  mm;  pa- 
tella and  tibia,  5.2  mm;  metatarsus,  3.5 
mm;  tarsus,  1.3  mm.  Second  patella  and 
tibia,  4.6  mm;  third,  2.7  mm.  Fourth  fe- 
mur, 5.4  mm;  patella  and  tibia,  5.0  mm; 
metatarsus,  3.2  mm;  tarsus,  1.2  mm. 

Variation.  Females  vary  in  total  length 
from  10.8  to  12.6  mm.  While  the  trian- 
gular tip  of  the  epigynum  is  alike  in  var- 
ious specimens,  the  surrounding  area  is 
quite  variable. 

Note.  The  male  is  unknown.  Immature 
females,  probably  pre-adult,  have  the  same 
spines  as  the  adult. 

Diagnosis.  Micrathena  zilchi  can  be 
separated  from  others  of  this  group  by  the 
dark  triangular  scape  in  the  epigynum 
(Fig.  112)  and  by  the  eight  sharp,  long 
spines  of  the  abdomen;  the  abdomen  lacks 
spines  on  the  anterior  margin  (Figs.  110, 
111). 

Distribution.  Northeastern  Mexico  to  El 
Salvador  (Map  3). 

Records.  MEXICO:  Est.  Tamaulipas.  25 
km  N  Gomez  Farias,  Jan.  1972,  9  (W.  Rus- 
sell, AMNH);  13  km  NW  of  Gomez  Far- 
ias, 1,400  m,  6-7  Oct.  1965,  49  (B.  White- 
head, AMNH).  San  Luis  Potosi.  El  Salto, 
11  km  NW  of  El  Naranjo,  Sept.,  Nov. 
1964,  39  (D.  Whitehead,  MCZ).  Chiapas. 
El  Vergel,  800  m,  8  Oct.  1939,  9  (C.  Bo- 
livar and  D.  Pelaez,  AMNH);  Palenque 
ruins,  July  1983,  9  (W.  Maddison,  R.  S. 
Anderson,  MCZ).  EL  SALVADOR:  Dept. 
Santa  Ana.  Candelaria,  31  Aug.  1953,  juv. 
(B.  Malkin,  AMNH).  HONDURAS: 
mountain  trail  [?  near  Tela],  360  m,  22 
July  1929,  imm.  (A.  M.  Chickering,  MCZ). 


Figures  115-121.     Micrathena  crassa  (Keyserling).  115-119.  Female.  115.  Lateral.  116.  Dorsal.  117.  Epigynum,  ventral.  118. 
Epigynum,  posterior.  119.  Epigynum,  lateral.  120,  121.  Male.  120.  Dorsal.  121.  Left  palpus,  mesal. 

Figures  122-128.     Micrattiena  digitata  (C.  L.  Koch).  122-126.  Female.  122.  Lateral.  123.  Dorsal.  124.  Epigynum,  ventral.  125. 
Epigynum,  posterior.  126.  Epigynum,  lateral.  127,  128.  Male.  127.  Dorsal.  128.  Palpus,  mesal. 

Figures  129-135.     Micrattiena  furva  (Keyserling).  129-133.  Female.  129.  Lateral.  130.  Dorsal.  131.  Epigynum,  ventral.  132. 
epigynum,  posterior.  133.  Epigynum,  lateral.  134,  135.  Male.  134.  Dorsal.  135.  Palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  115,  116,  120,  122,  123,  127,  129,  130,  134,  1.0  mm. 
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Micrathena  crassa  (Keyserling) 
Figures  115-121;  Map  3 

Acrosoma  crassum  Keyserling,  1863:  78,  pi.  2,  fig. 
11,  2.  Female  lectotype  designated  by  Chickering, 
1960,  from  Santa  Fe  de  Bogota,  Neu  Granada  [Bo- 
gota, Colombia]  (BMNH),  examined;  1892:  19,  pi. 

1,  fig.  15,  9. 

Micrathena  xanthopyga  Simon,  1895:  854,  fig.  915, 

2.  Immature  lectotype  and  eight  immature  para- 
lectotypes  here  designated  from  Venezuela 
(MNHN),  examined.  NEW  SYNONYMY. 

Micrathena  tovarensis  Simon,  1897b:  468.  Two  fe- 
male syntypes  from  Colonia  Tovar  [1,802  m,  Ara- 
gua],  Venezuela  (MNHN),  examined.  NEW  SYN- 
ONYMY. 

Micrathena  aciculata  Simon,  1897b:  469.  Four  ju- 
venile syntypes  from  Colonia  Tovar  [1,802  m,  Ara- 
gua],  Venezuela  in  the  MNHN,  examined.  NEW 
SYNONYMY. 

Micrathena  crassa: — Reimoser,  1917:  110,  pi.  6,  fig. 
14,  2.  Roewer,  1942:  956.  Bonnet,  1957:  2864. 
Chickering,  1960c:  71,  figs.  21-25,  2;  1961:  402, 
figs.  21-25,  2. 

Synonymy.  Simon  types  of  M.  tova- 
rensis are  almost  identical  to  Keyserling's 
specimens.  The  juveniles  of  M.  xantho- 
pyga and  M.  aciculata  have  the  diagnostic 
deep  groove  across  the  carapace.  The  ab- 
domen length  of  M.  aciculata  is  1.8  times 
the  width,  slightly  wider  behind  than  an- 
teriorly, with  eight  spines.  It  comes  from 
the  same  locality  as  M.  tovarensis. 

Description.  Female.  Carapace,  ster- 
num, legs  orange-brown.  Dorsum  of  ab- 
domen white  with  spines,  sclerotized  areas 
dark  brown,  sides  and  posterior  of  dorsum 
gray.  Carapace  with  a  deep  transverse 
groove  between  head  and  thorax;  without 
rim  or  dimples;  both  head  and  thorax  high 
(Fig.  115).  Abdomen  sometimes  with  small 
lobes  anteriorly  above  carapace  and  four 
pairs  of  dorsal  spines  (Fig.  116).  Total 
length,  6.0  mm.  Carapace,  2.3  mm  long, 
1.9  mm  wide.  First  femur,  2.0  mm;  pa- 
tella and  tibia,  2.2  mm;  metatarsus,  1.3 
mm;  tarsus,  0.7  mm.  Second  patella  and 
tibia,  2.0  mm;  third,  1.3  mm.  Fourth  fe- 
mur, 2.5  mm;  patella  and  tibia,  2.1  mm; 
metatarsus,  1.5  mm;  tarsus,  0.7  mm. 

Male  from  Utcuyacu,  Peru.  Carapace 
dark  olive  brown,  darker  on  sides.  Ster- 
num dark  brown.  Coxae  and  legs  whitish. 


Dorsum  of  abdomen  with  white  pigment 
on  sides,  two  gray  longitudinal  bands;  sides 
whitish;  venter  black  in  middle;  sides  of 
black  area  with  white  pigment.  Carapace 
with  median  thoracic  depression;  no  rim 
or  dimples  (Fig.  120).  First  coxa  with  hook; 
second  femur  with  groove.  Total  length, 
4.4  mm.  Carapace,  1.8  mm  long,  1.3  mm 
wide.  First  femur,  1.4  mm;  patella  and 
tibia,  1.3  mm;  metatarsus,  0.9  mm;  tarsus, 
0.4  mm.  Second  patella  and  tibia,  1.2  mm; 
third,  0.6  mm.  Fourth  femur,  1.5  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.9 
mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  5.0  to  7.7  mm.  The  groove  across  the 
carapace  is  of  variable  depth.  The  antero- 
lateral corners  of  the  abdomen  may  form 
a  blunt  tooth. 

Note.  A  single  male  has  been  collected 
with  females  at  Utcuyacu,  Peru.  1  am  un- 
certain whether  they  belong  together. 

Diagnosis.  This  eight-spined  species  can 
be  separated  from  others  of  the  kirbyi 
group  by  the  deep  groove  between  the 
high  head  and  high  thorax  (Fig.  115).  The 
squared  abdomen  has  the  last  two  spines 
on  a  joined  socket,  the  second  pair  small- 
est, in  the  middle  of  the  side  (Fig.  116). 

Natural  History.  This  is  a  montane  for- 
est species  which  has  been  collected  in 
cloud  forest  at  Monteverde,  Costa  Rica. 

Distribution.  Costa  Rica  to  Argentina 
(Map  3). 

Records.  COSTA  RICA:  Prov.  Puntare- 
nas.  Monteverde,  1,600  m,  19  July  1978, 
9  (C.  L.  Craig,  P.  Klass,  MCZ),  1,525  m, 
26  Nov.  1977,  9  (C.  L.  Craig,  MCZ),  1,600 
m,  12  Nov.  1977,  9  (C.  L.  Craig,  MCZ). 
VENEZUELA:  Est.  Merida.  Merida,  June 
1975,  9  (MACN).  COLOMBIA:  "Rio  Ne- 
gro," 9  (NMW).  Dept.  Cundinamarca. 
Bogota,  9  (MCZ);  Monteredondo,  1,200- 
2,000  m,  29  (MCZ).  Valle.  nr.  Solidato, 
1,600  m,  1,800  m,  9  (MCZ);  nr.  Atuncela, 
1,800  m,  9  (MCZ).  Tolima.  22  km  W  Fres- 
no, 9  (CAS).  Huila.  12  km  E  of  Sta.  Leti- 
cia,  2,300  m,  9  (MCZ).  Antioquia.  Medel- 
lin  Valley,  9  (MCZ).  ECUADOR:  Prov. 
Pichincha.  Rio  Pilaton,  9  (MCZ).  Tungu- 
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rahua.  Banos,  9  (EPC);  Rio  Topo,  9  (EPC). 
Pastaza.  Abitagua  Mts.,  1,200  m,  29 
(AMNH).  PERU:  Dept.  Junin.  Utcuyacu, 
1,600-2,200  m,  39,  S  (AMNH,  EPC).  Cuz- 
co.  Chanchosmayo  Basin,  2,150  m,  9 
(EPC).  ARGENTINA:  Prov.  Tucumdn. 
Pueblo  Viejo,  19  Nov.  1959,  39  (Nunoz, 
MACN). 

Micrathena  digitata  (C.  L.  Koch) 
Figures  122-128;  Map  3 

Acrosoma  digitatum  C.  L.  Koch,  1839:  128,  pi.  523, 
9.  Female  from  Brazil  (ZSM),  destroyed. 

Plectana  bullata  Walckenaer,  1841:  191.  Female  from 
Cayenne,  French  Guiana,  lost.  NEW  SYNONY- 
MY. 

?Plectana  asciata  Walckenaer,  1841:  194.  Female 
from  Brazil,  lost.  NEW  SYNONYMY. 

Micrathena  digitata: — Reimoser,  1917:  119,  pi.  7, 
fig.  18,  9.  Roewer,  1942:  957.  Bonnet,  1957:  2866. 
Chickering,  1960c:  75,  figs,  33-37,  2. 

Micrathena  hyatti  Chickering,  1960c:  80,  figs.  58- 
62,  9.  Female  holotype  from  Joinville,  Est.  Santa 
Catarina,  Brazil  (BMNH),  examined.  NEW  SYN- 
ONYMY. 

Synonymy.  Walckenaer  described  the 
lobed  spines  of  Plectana  bullata,  other- 
wise present  in  very  few  species,  and  ten 
spines,  but  then  indicated  that  the  species 
has  only  eight  spines.  The  locality,  Cay- 
enne, is  an  error.  Plectana  asciata  has  a 
hatchet-shaped  spine  and  is  probably  this 
species.  Micrathena  hyatti  is  a  female  with 
a  shrivelled,  leathery  abdomen. 

Description.  Female.  Carapace,  ster- 
num dark  brown.  Legs  brown.  Dorsum  of 
abdomen  yellow-white  with  brown  spines; 
venter  dark  brown.  Carapace  with  three 
pairs  of  dimples,  a  median  thoracic 
depression,  high  thorax,  and  indistinct  rim 
in  dorsal  view.  Abdomen  rounded  in  front, 
with  two  small  spines  on  each  side,  the 
anterior  smaller;  large  posterolateral  dou- 
ble spines  on  each  side,  the  anterior  of 
which  is  lobed  behind;  and  a  large  pair  of 
spines  below  (Figs.  122,  123).  Total  length, 
7.0  mm.  Carapace,  2.8  mm  long,  2.6  mm 
wide.  First  femur,  2.3  mm;  patella  and 
tibia,  2.4  mm;  metatarsus,  1.4  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  2.3  mm; 
third,  1.3  mm.  Fourth  femur,  2.6  mm;  pa- 


tella and  tibia,  2.2  mm;  metatarsus,  1.7 
mm;  tarsus,  0.7  mm. 

Male.  Carapace  dark  orange-brown, 
blackish  on  sides.  Sternum  blackish  brown. 
Coxae  dark  orange;  more  distal  leg  arti- 
cles dark  brown.  Dorsum  of  abdomen  with 
paired  white  spots,  black  and  brown 
patches;  venter  black.  Carapace  with  three 
pairs  of  dimples  and  a  distinct  thoracic 
depression  (Fig.  127).  First  coxa  with  hook; 
second  femur  with  proximal  groove.  Total 
length,  3.8  mm.  Carapace,  1.8  mm  long, 
1.4  mm  wide.  First  femur,  1.3  mm;  pa- 
tella and  tibia,  1.4  mm;  metatarsus,  1.0 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.2  mm;  third,  0.7  mm.  Fourth  fe- 
mur, 1.4  mm;  patella  and  tibia,  1.2  mm; 
metatarsus,  1.0  mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  5.2  to  8.0  mm.  The  first  pair  ol  spines 
(on  the  side)  may  be  very  small  or  absent. 
Southern  specimens  seem  to  have  a  small- 
er lobe.  Females  may  grade  into  M.  furva 
in  the  south.  Males  of  M.  digitata  have 
the  abdomen  slightly  narrower  behind 
than  in  front  but  are  otherwise  like  those 
of  M.  furva. 

Note.  The  male  is  matched  to  the  fe- 
male because  it  is  the  most  common  male 
Micrathena  in  the  Rio  de  Janeiro  area  and 
is  also  similar  to  the  male  of  M.  furva. 

Diagnosis.  Females  differ  from  those  of 
M.  furva  by  having  a  lobe  or  swelling  on 
the  posterodorsal  spine  (Figs.  122,  123), 
absent  in  M.  furva.  It  is  possible  that  these 
are  northern  specimens  of  M.  furva.  The 
male  has  a  palpus  like  that  of  M.  furva 
(Fig.  128).  The  only  other  species  with  a 
lobed  spine,  M.  stuebeli,  has  a  wider  ab- 
domen and  anterior  spines. 

Natural  History.  Micrathena  digitata 
is  found  in  forested  areas,  very  common 
in  the  vicinity  of  Rio  de  Janeiro. 

Distribution.  Southeastern  Brazil  (Map 

3). 

Records.  BRAZIL:  Est.  Para.  Belem, 
July  1971,  9  (T.  McGrath,  MCZ,  Perror  in 
locality).  Rio  de  Janeiro.  Rio  de  Janeiro 
and  Tijuca  Mts.,  very  common  9,  $ 
(AMNH,  FZRS,  MCZ,  NRS,  ZMB);  Nova 
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Friburgo,  49  (ZMSP);  Teresopolis,  Feb. 
1963,  9  (IBSP);  Niteroi,  9  (MNRJ).  Minas 
Gerais.  Belo  Horizonte,  Nov.  1919,  9  (Cor- 
nell Univ.  Exped.,  CUC);  Ouro  Preto, 
April  1954,  9  (N.  L.  H.  Krauss,  AMNH). 
Sao  Paulo.  Boraceia,  39  (MZSP);  Pilar  do 
Sul,  9  (MZSP).  Parana.  Curitiba,  9  (MNRJ, 
MZSP).  Santa  Catarina.  Joinville,  59 
(MNRJ). 

Micrathena  furva  (Keyserling) 
Figures  129-135;  Map  3 

Acrosoma  furvum  Keyserling,  1892:  7,  pi.  1,  fig.  4, 
$.  Male  holotype  from  Taquara,  Rio  Grande  do 
Sul,  Brazil  (BMNH),  examined. 

Micrathena  tucumana  Simon,  1897a:  7.  Female  ho- 
lotype from  San  Pablo,  Tucuman,  Argentina 
(MIZT),  examined.  Reimoser,  1917:  122.  Roewer, 
1942:  965.  Bonnet,  1957:  2881.  NEW  SYNONY- 
MY. 

Micrathena  pfannli  Reimoser,  1917:  111,  pi.  5,  fig. 
13,  $.  Female  holotype  from  Territory  Fonciere 
[near  Puerto  Fonciere,  Concepcion,  20  km  N  of 
Puerto  Pinasco],  Paraguay  (NMW),  examined. 
Roewer,  1942:  961.  Bonnet,  1957:  2874.  NEW 
SYNONYMY. 

Micrathena  furva: — Reimoser,  1917:  154.  Roewer, 
1942:  958.  Bonnet,  1957:  2868.  Chickering,  1960c: 
78,  figs.  46-49,  3. 

Synonymy.  Micrathena  tucumana  is 
the  female  of  A.  furvum.  Simon  did  not 
illustrate  M.  tucumana,  thus  Reimoser  did 
not  recognize  it  when  he  described  the 
female  again  as  M.  pfannli. 

Description.  Female.  Carapace  light 
orange.  Sternum  dark  orange.  Legs  or- 
ange. Dorsum  of  abdomen  orange-white 
with  sclerotized  areas  orange.  Carapace 
with  high  thorax  and  narrow  rim,  three 
pairs  of  dimples  and  a  median  thoracic 
mark.  Abdomen  soft  with  eight  to  ten 
spines:  none  anteriorly,  one  or  two  lateral 
pairs,  a  pair  of  posterolateral  double  spines, 
and  a  pair  of  spines  below  (Figs.  129,  130). 
Total  length,  6.7  mm.  Carapace,  2.4  mm 
long,  1.9  mm  wide.  First  femur,  2.2  mm; 
patella  and  tibia,  2.3  mm;  metatarsus,  1.4 
mm;  tarsus,  0.8  mm.  Second  patella  and 
tibia,  1.9  mm;  third,  1.3  mm.  Fourth  fe- 
mur, 2.4  mm;  patella  and  tibia,  2.2  mm; 
metatarsus,  1.7  mm;  tarsus,  0.7  mm. 

Male.  Carapace  dark  orange.  Sternum 


dark  brown.  Coxae  light  orange,  more  dis- 
tal leg  articles  light  orange.  Dorsum  of  ab- 
domen with  black  and  white  pattern  (Fig. 
134);  venter  black.  Carapace  with  three 
indistinct  pairs  of  dimples  and  a  very  dis- 
tinct thoracic  depression.  First  coxa  with 
distal  hook,  second  femur  with  proximal 
groove.  Abdomen  almost  rectangular, 
truncate  anteriorly,  rounded  behind  (Fig. 
134).  Total  length,  4.2  mm.  Carapace,  1.9 
mm  long,  1.4  mm  wide.  First  femur,  1.5 
mm;  patella  and  tibia,  1.5  mm;  metatar- 
sus, 1.0  mm.  Second  patella  and  tibia,  1.3 
mm;  third,  0.8  mm.  Fourth  femur,  1.7 
mm;  patella  and  tibia,  1.2  mm;  metatar- 
sus, 1.0  mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 
from  5.3  to  7.6  mm,  males  from  3.8  to  4.4 
mm.  In  females  the  first  pair  of  lateral 
spines  may  be  absent  or  present  as  soft 
humps.  One  female  lacked  the  last,  the 
posterior  pair.  In  males,  the  terminal 
apophysis  and  the  folded  conductor  be- 
hind the  tip  of  the  embolus  are  longer  in 
specimens  from  the  northern  part  of  the 
range. 

Note.  Several  collections  contain  both 
males  and  females. 

Diagnosis.  Micrathena  furva  females 
differ  from  M.  digitata  only  in  lacking  the 
lobe  on  the  posterodorsal  spine  (Fig.  130). 
Perhaps  M.  furva  are  only  southern  spec- 
imens of  M.  digitata. 

The  male  palp  (Fig.  135)  is  most  similar 
to  that  of  M.  digitata.  Very  few  males 
were  available;  the  only  discernible  dif- 
ference from  digitata  is  that  the  abdomen 
of  M.  furva  male  is  as  wide  behind  as 
anteriorly,  while  that  of  digitata  is  slightly 
narrower  behind.  I  suspect  that  M.  furva 
is  the  same  species  as  M.  digitata. 

Distribution.  Southern  Brazil  to  Argen- 
tina (Map  3). 

Records.  BRAZIL:  Est.  Santa  Catarina. 
Pinal,  9  (AMNH);  Blumenau,  29  (NMW). 
Rio  Grande  do  Sul.  Sao  Francisco  de  Pau- 
la, 39,  S  (FZRS);  Vila  Oliva  [Caxias  do  Sul], 
79  (FZRS);  Canela,  59,  6  (FZRS);  Monte- 
negro, 6  (FZRS);  Sierra  Granada,  9 
(MNRJ);  Irai,  6  (FZRS);  Porto  Alegre,  9 
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(IBSP,  MNRJ);  Pelotas  (MCZ).  URU- 
GUAY: Dept.  San  Jose.  Playa  Pascuae,  9 
(MHNM);  Arazati,  9  (MHNM).  Tacua- 
rembo.  Arroyo  Laureles,  9  (MHNM).  Ar- 
tigas.  Arroyo  de  la  Invernada,  39 
(MHNM);  Arroyo  Tres  Cruces,  29 
(MHNM).  Colonia.  Aroyo  Sarandi,  109 
(MHNM).  Canelones.  Isla  Buchental,  9 
(MHNM).  Rivera.  Minas  de  Corrales,  9 
(MHNM).  Minas.  Quebrada  de  los  Cuer- 
vos, 9  (MHNM).  Salto.  Rio  Arapey,  9 
(MHNM).  ARGENTINA:  Misiones  Prov. 
Eldorado,  9,  6  (AMNH);  Santa  Ana,  9,  6 
(MACN);  Punto  17  de  Octobre,  39 
(MACN);  Parque  Nacional  Iguazu,  29 
(MEG);  Santa  Maria,  159,  2<3  (MACN). 
Monteagudo,  659,  66  (MACN).  Tucumdn. 
Cadillal,  9  (IMLT).  Buenos  Aires.  Tigre, 
9  (MACN);  Parana  de  los  Palmas,  99 
(MACN,  MEG);  Punta  Lara,  9  (MULP, 
MACN);  Isla  Martin  Garcia  29  (MEG),  59 
(MACN). 

Micrathena  fidelis  (Banks) 
Figures  136-143;  Map  3 

Acrosoma  fidelis  Banks,   1909a:  212.   Female  holo- 

type  from  Tablazo  [Cerro  Tablazo],   Costa  Rica 

(MCZ),  examined. 
Micrathena  cala  Chamberlin,  1916:  261,  pi.  20,  fig. 

6,  juv.  Immature  female  from  San  Miguel,  6,000 

ft.  [2,000  m],  Ayacucho,  Peru  (MCZ),  examined. 

NEW  SYNONYMY. 
Micrathena   fidelis: — Reimoser,    1917.    Chickering, 

1961:  411:  46-49,  9.  Roewer,  1942:  954.  Bonnet, 

1957:  2867. 

Synonymy.  The  immature  type  of  M. 
cala  (Fig.  141)  has  the  same  number  and 
shape  of  abdominal  spines  and  has  the 
diagonistic  black  area  between  the  poste- 
rior spines.  Also,  it  was  found  in  the 
mountains,  like  other  specimens  of  M.  fi- 
delis. 

Description.  Female  holotype.  Cara- 
pace orange-brown.  Sternum  orange.  Legs 
orange-brown.  Dorsum  of  abdomen  white, 
posterior  black  between  third  and  fourth 
pair  of  spines;  sides  black  with  several 
square  white  patches  dorsally  (Fig.  136); 
venter  black  with  one  white  patch  on  each 
side  of  genital  area  and  two  white  spots 
on  each  side  of  spinnerets.  Carapace  large 


with  narrow  rim,  distinct  thoracic  mark, 
but  no  dimples;  thorax  low  (Fig.  136).  Ab- 
domen trapezoidal,  widest  behind,  with 
eight  spines;  spines  soft  with  black  tips 
(Figs.  136,  137).  Total  length,  6.1  mm. 
Carapace,  2.3  mm  long,  1.9  mm  wide. 
First  femur,  2.3  mm;  patella  and  tibia,  2.3 
mm;  metatarsus,  1.4  mm;  tarsus,  0.7  mm. 
Second  patella  and  tibia,  2.2  mm;  third, 
1.3  mm.  Fourth  femur,  2.4  mm;  patella 
and  tibia,  2.2  mm;  metatarsus,  1.6  mm; 
tarsus,  0.7  mm. 

Male.  Carapace  yellow-brown,  darker 
on  sides.  Sternum  black,  coxae  yellow. 
Legs  yellow,  distally  darker.  Dorsum  of 
abdomen  maculated  black  and  white; 
venter  black,  with  a  white  spot  on  poste- 
rior end.  Carapace  without  dimples,  tho- 
racic depression  distinct  (Fig.  142).  Coxal 
hook  present.  Total  length,  4.8  mm.  Car- 
apace, 2.0  mm  long,  1.4  mm  wide.  First 
femur,  1.6  mm;  patella  and  tibia,  1.5  mm; 
metatarsus,  0.9  mm;  tarsus,  0.5  mm.  Sec- 
ond patella  and  tibia,  1.2  mm;  third,  0.7 
mm.  Fourth  femur,  1.6  mm;  patella  and 
tibia,  1.3  mm;  metatarsus,  0.9  mm;  tarsus, 
0.5  mm. 

Variation.  Females  vary  in  total  length 
from  4.8  to  6.4  mm.  The  coloration  of 
some  South  American  specimens  is  vari- 
able. 

Note.  A  male  has  been  collected  with  a 
female  at  Saladito,  Colombia. 

Diagnosis.  Micrathena  fidelis  can  be 
separated  from  M.  agriliformis  by  body 
proportions  and  spines,  and  by  the  epig- 
ynum  having  a  straight  transverse  bar  with 
lobe  (Fig.  138).  In  posterior  view  there  are 
two  transverse  lips  (Fig.  139). 

The  male  differs  from  M.  pupa  by  hav- 
ing a  shorter  embolus  (Fig.  143).  It  differs 
from  M.  agriliformis  by  the  arched  em- 
bolus passing  below  the  distal  edge  of  the 
semitransparent  terminal  apophysis.  The 
sclerotized  rim  of  the  median  apophysis  is 
relatively  larger  than  that  of  M.  agrilifor- 
mis (Fig.  143). 

Distribution.  Costa  Rica  to  Argentina, 
in  mountains  (Map  3). 

Records.  COSTA  RICA:  San  Jose  Prov. 
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Cerro  de  Escazu,  2,400  m,  Dec.  1981,  9  one  third  from  anterior  end  and  three  pairs 

(W.  Eberhard,  MCZ);  Pico  Blanco,  above  of  posterior  spines  (Figs.  144,  145).  Total 

Escazu,  2,000  m,  March  1983,  9  (W.  Eber-  length,  8.3  mm.  Carapace,  2.4  mm  long, 

hard,  MCZ);  Bajo  la  Hondura,  28  March  1.8  mm  wide.  First  femur,  2.7  mm;  pa- 

1981,  9   (V.   Zeledon,  ZMCR).   Alajuela.  tella  and  tibia,  2.7  mm;  metatarsus,  1.8 

Vara  Blanca,  9  (ZMCR).  PANAMA:  Chi-  mm;  tarsus,  0.8  mm.  Second  patella  and 

riqui  Prov.  Cerro  Punta,  June  1962,  9  (R.  tibia,  2.5  mm;  third,  1.4  mm.  Fourth  fe- 

Zweifel,  AMNH).  COLOMBIA:  Dept.  mur,  3.0  mm;  patella  and  tibia,  2.6  mm; 

Magdalena.  Sierra  Nevada  de  Santa  Mar-  metatarsus,  1.9  mm;  tarsus,  0.8  mm. 

ta:  9-12  Feb.   1929,  9  (P.  J.  Darlington,  Variation.  Females  vary  in  total  length 

MCZ);  San  Pedro,  1,400  m,  17  Feb.  1974,  from  8.0  to  8.3  mm.  The  epigynum  (Figs. 

(3  (J.  Kochalka,  JAK);  Serachui,  1,600  m,  4  146-148)   is  quite  variable  in  structure, 

March  1974,  9  (J.  Kochalka,  JAK);  Serra  perhaps  due  to  differing  amounts  of  scler- 

Nueva  Granada,  1,600  m,  April  1975,  29  otization.    The    illustrations    were    made 

(J.  Kochalka,  JAK).  Valle.  above  Felicia,  from  specimens  coming  from  SW  of  Mo- 

1,800  m,  9  (W.  Eberhard,  MCZ);  Arriba  coa,  Colombia, 

de  Saladito,  1,800  m,  24  Dec.  1973,  9,  3  Note.  The  male  is  unknown. 

(W.  Eberhard,  MCZ).  BOLIVIA:  Dept.  La  Diagnosis.  This  species  differs  from  M. 

Paz.  Chulumani,  1,700  m,  Yungas,  July  fissispina  by  being  smaller  in   size  and 

1955,  6  (L.  Peiia,  MCZ).  ARGENTINA:  having  a  sclerotized  cheek  on  each  side  of 

Salta  Prov.  Calilegua,  Valle  Grande,  Nov.  the  lobe  of  the  epigynum  (Fig.  146). 

1968,  9  (M.  E.  Galiano,  MEG).  Distribution.  Southern  Colombia  to  Ec- 
uador (Map  3). 

Micrathena  gaujoni  S\mon  Records.  COLOMBIA:  Dept.  Putu- 

Figures  144-148;  Map  3  ^ayo.  40  km  SW  Mocoa,  3  March  1955, 

Micra^/iena  gaujoni  Simon,  1897b:  466.  Five  female  ^   (E-   I-   Schlinger,  E.   S.   Ross,  CAS).   EC- 

syntypes  from  Loja,  Ecuador  (no.  7832,  MNHN),  UADOR:  Loja  to  Zamora,  1,800-2,200  m, 

examined  and  labeled.  24-25  Aug.   1977,  9  (L.  Pefia,  AMNH). 

Description.  Female  syntype.  Carapace  Micrathena  fissispina  (C.  L.  Koch) 

brown,  with  a  dark  brown  band  on  each  Fiqures  149-155'  Map  3 
side  of  thorax;  rim  light.  Sternum,  coxae 

light    brown;    distal    leg    articles    brown.  Acrosoma  fissispina  C.  L.  Koch,  1836:  54,  fig.  208. 

Dorsum  of  abdomen  gray  with  some  white  J^'^.t  ^T  •^'"^''''  ^°f         ,  «q^  «=.o  f;     am 

,            .                    II                                  11  Micrathena  jissispma: — Simon,  1895:  852,  rig.  903, 

marks;  spmes  usually  orange  to  red-brown,  ^  Reimoser,  1917:  120,  pi.  7,  fig.  20,  $.  Roewer, 

tips  black;  sides  with  dark  dorsoventral  1942:  957.  Bonnet,  1957:  2867. 

streaks    and    row    of    white    spots;    venter  Micrathena  tigris  Mello-Leitao,  1932:  87,  fig.  5,  9. 

black  between  epigynum  and  spinnerets.  J^^^^^  ^yP^  ^^^^  s'yToNYMr"'^"'"'  ^""'''' 

Carapace  with  a  narrow  rim,  distinct  tho-  ^         J  ' 

racic  depression  and  high  thorax.  Abdo-  Synonymy.    Several    museums    (ZMB, 

men  longer  than  wide,  with  a  pair  of  spines  MNHN,  PAN)  have  old  specimens  labeled 


Figures  136-143.     I^icrathena  fidelis  (Banks).  136-140.  Female.  136.  Lateral.  137.  Dorsal.  138.  Epigynum,  ventral.  139.  Epig- 
ynum, posterior.  140.  Epigynum,  lateral.  141.  Juvenile,  dorsal.  142,  143.  Male.  142.  Dorsal.  143.  Left  palpus,  mesal. 

Figures  144-148.     Micrathena  gaujoni  Smon,  female.  144.  Lateral.  145.  Dorsal.  146.  Epigynum,  ventral.  147.  Epigynum,  pos- 
terior. 148.  Epigynum,  lateral. 

Figures  149-155.     Micrathena  fissispina  (C.  L.  Kochi).  149-153.  Female.  149.  Lateral.  150.  Dorsal.  151.  Epigynum,  ventral. 
152.  Epigynum,  posterior.  153.  Epigynum,  lateral.  154,  155.  Male.  154.  Dorsal.  155.  Palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  136,  137,  141,  142,  144,  145,  149,  150,  154,  1.0  mm. 
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fissispina;  all  are  this  species.  The  type         Diagnosis.   Micrathena  fissispina  is 

vial  of  M.  tigris  contained  the  type  of  M.  larger  than  gaujoni  and  lacks  the  cheeks 

conspicua  (^Chaetacis  picta);  the  illus-  on  each  side  of  the  epigynum  lobe  (Fig. 

tration  and  description  appear  to  be  this  151).  The  male  differs  from  other  species 

species.  by  the  sclerotized  drop-shaped  structure 

Description.    Female.    Carapace,   ster-  below  the  tip  of  the  conductor  and  by  the 

num,  legs  orange-brown;  rim  of  carapace  sclerite  at  the  base  of  the  median  apoph- 

white.  Dorsum  of  abdomen  white  with  tips  ysis  (Fig.  155). 

of  spines  black;  sclerotized  areas  orange-         Distribution.    Eastern    South    America 

brown;  sides  and  venter  black  with  white  (Map  3). 

patches.  Carapace  with  thoracic  depres-         Records.    FRENCH    GUYANA:    Cay- 

sion  and  high  thorax;  lacking  dimples.  Ab-  enne  (PAN).  BRAZIL:  Est.  Para,  llha  do 

domen  with  eight  spines,  of  which  the  sec-  Marajo,  June  1954,  2  (W.  Forster  and  O. 

ond  and  third  pairs  have  a  common  socket  Schindler,  ZSM).  Bahia.  Salvador,  9  (ZMB, 

(Figs.  149,  150).  Total  length,  12.0  mm.  ZMK);  Itamaraja,  9  Dec.  1977,  2,  7  Aug. 

Carapace,  4.6  mm   long,  3.8  mm  wide.  1978,  29,  6  (J.  Santos,  FZRS);  Mucuri,  14 

First  femur,  5.2  mm;  patella  and  tibia,  5.6  Oct.  1979,  9  (A.  C.  Niella,  FZRS);  Iguassu, 

mm;  metatarsus,  4.1  mm;  tarsus,  1.4  mm.  2  July  1926,  9,  30  June  1924,  9,  4  Aug. 

Second  patella  and  tibia,  4.9  mm;  third,  1924,  33  (A.  Roman,  NRS);  Camagari,  14 

2.8  mm.  Fourth  femur,  6.2  mm;  patella  Oct.  1978,  9  (J.  S.  Santos,  FZRS);  Ilheus, 
and  tibia,  4.9  mm;  metatarsus,  4.0  mm;  Jan.  1964,  9,  S  (Papavero,  MZSP).  Rio  de 
tarsus,  1.4  mm.  Janeiro.   Rio   de  Janeiro,   2   (ZMK).   Sao 

Male.  Carapace  dark  orange.  Sternum,  Paulo.  Bertioga,  2  Jan.  1962,  32;  21  Nov. 

labium  and  endites  black.  Legs  orange.  1961,  9,  22   Dec.    1961,   29   (A.   Barroso, 

Dorsum   of   abdomen    white   and   black,  MZSP);  Praia  Itaguare,  3  Feb.   1964,  29 

venter  black.  Carapace  low,  with  distinct  (MZSP).  Santa  Catarina.  52  (MCZ);  Blu- 

thoracic  depression;  no  dimples.  First  coxa  menau,  15  Nov.  1886,  62  (NMW). 
with  hook.  Abdomen  rectangular,  slightly 

wider  posteriorly  (Fig.  154).  Total  length,  Micrathena  ra/mond/ (Taczanowski) 

5.9  mm.  Carapace,  2.9  mm  long,  1.9  mm         Figures  156-163;  Map  3 

wide.  First  femur,  2.6  mm;  patella  and  ^  ■       j-  -r  ^■    io-7n    no    ^ 

.,  .  1  A  Acrosoma  raimonaii    1  aczanowski,   1879:   118.   re- 

tlbia,  2.5  mm;  metatarsus,  1.9  mm;  tarsus,  j^^le  holotype  from  Montana  de  Nancho,  3,600 

0.9  mm.  Second  patella  and  tibia,  1.9  mm;  pieds  d'altitude  [near  Nanchoc,  Cajamarca,  1,200 

third,  1.2  mm.  Fourth  femur,  2.8  mm;  pa-        m]>  Peru  (PAN),  examined. 

tella   and   tibia,   2.1    mm;    metatarsus,    1.9  Micra^^ena  raimonrfi.—Roewer,  1942:  962.  Bonnet, 

mm;  tarsus,  0.7  mm. 

Variation.  Females  vary  in  total  length  Note.  The  holotype  has  the  scape  of  the 

from  8.7  to  13.0  mm.  epigynum  broken  off. 

Note.  A  collection  from  Itamaraja,  Est.  Description.  Female  from  Cajamarca, 

Bahia  had  a  male  collected  with  two  fe-  Peru.   Carapace  brown,  eye  region  and 

males.  thorax   light,   sides   of   thorax   dark,   rim 

Figures  156-163.  Micrathena  raimondi  (J aczanowski).  156-161.  Female.  156.  Lateral.  157.  Dorsal.  158,  159.  Epigynum, 
ventral.  159.  Scape  tip  torn  off.  160.  Epigynum,  posterior.  161.  Epigynum,  lateral.  162-163.  Male.  162.  Dorsal.  163.  Left  palpus, 
mesal. 

Figures  164-168.  Micrathena  miles  Simon,  female.  164.  Lateral.  165.  Dorsal.  166.  Epigynum,  ventral.  167.  Epigynum,  poste- 
rior. 168.  Epigynum,  lateral. 

Figures  169-175.  Micrathena  furcula(0.  P.-Cambridge).  169-173.  Female.  169.  Lateral.  170.  Dorsal.  171.  Epigynum,  ventral. 
172.  Epigynum,  posterior.  173.  Epigynum,  lateral.  174,  175.  Male.  174.  Dorsal.  175.  Palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  156,  157,  162,  164,  165,  169,  170,  174,  1.0  mm. 
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lightest.  Sternum  dark  brown.  Coxae  and 
distal  articles  of  legs  brown.  Dorsum  of 
abdomen  with  a  black  longitudinal  band 
on  each  side  between  spines  (Fig.  157); 
sides  with  white  spots;  venter  with  white 
spots  on  side,  but  none  in  middle  between 
epigynum  and  spinnerets.  Carapace  with 
a  deep  transverse  groove  and  a  narrow 
rim;  no  dimples  (Fig.  157).  Abdomen  with 
three  pairs  of  spines,  middle  one  largest 
(Fig.  157).  Total  length,  10.4  mm.  Cara- 
pace, 3.0  mm  long,  2.4  mm  wide.  First 
femur,  3.2  mm;  patella  and  tibia,  3.5  mm; 
metatarsus,  2.3  mm;  tarsus,  0.9  mm.  Sec- 
ond patella  and  tibia,  3.0  mm;  third,  1.9 
mm.  Fourth  femur,  3.8  mm;  patella  and 
tibia,  3.4  mm;  metatarsus,  2.6  mm;  tarsus, 

1.0  mm. 

Male.  Carapace  orange,  sides  brown. 
Sternum  dark  brown.  Coxae  orange,  distal 
articles  of  legs  brown;  first  legs  darkest, 
third  lightest.  Dorsum  of  abdomen  speck- 
led white  with  some  dark  marks  on  cor- 
ners; venter  black.  First  coxa  with  hook; 
second  femur  with  proximal  groove.  Ab- 
domen rectangular  (Fig.  162).  Total 
length,  5.6  mm.  Carapace,  2.6  mm  long, 

1.1  mm  wide.  First  femur,  2.2  mm;  pa- 
tella and  tibia,  2.3  mm;  metatarsus,  1.7 
mm;  tarsus,  0.8  mm.  Second  patella  and 
tibia,  2.0  mm;  third,  1.2  mm.  Fourth  fe- 
mur, 2.6  mm;  patella  and  tibia,  2.2  mm; 
metatarsus,  1.7  mm;  tarsus,  0.7  mm. 

Variation.  Females  vary  in  total  length 
from  6.3  to  10.4  mm,  males  from  5.6  to 
5.9  mm.  The  second  pair  of  spines  is  vari- 
able in  length. 

Note.  Three  collections  contained  fe- 
males together  with  males. 

Diagnosis.  Females  of  this  species  are 
distinguished  from  the  similar  M.  miles 
by  the  dorsal  markings,  the  dark  patch 
between  the  first  and  second  pair  of  ab- 
dominal spines  on  each  side  (Fig.  157),  by 
the  narrower  carapace  rim  (Fig.  157),  by 
the  smaller  size  and  the  round  frame  on 
each  side  of  the  epigynum  (Fig.  158). 

The  male  differs  from  others  of  this 
species  group  by  the  shallow  notch  of  the 
tip  of  the  median  apophysis  and  by  the 


shape  of  the  tip  of  the  terminal  apophysis 
and  conductor  (Fig.  163). 

Distribution.  Ecuador  and  Peru  (Map 
3). 

Records.  ECUADOR:  Prov.  Pichincha. 
Tandapi,  1,300-1,500  m,  15-20  May  1965, 
13$,  26  (L.  Pena,  MCZ);  Rio  Pilaton,  79 
(G.  W.  Prescott,  MCZ).  Rio  Yocuchoqui, 
W  slope  of  Andes,  22,  3  (MCZ).  PERU: 
Dept.  Cajamarca.  W  of  Porcullo  [?],  15- 
19  May  1967,  99,  S  (A.  F.  Archer  and  S. 
Risco,  AMNH). 

Micrathena  mites  Simon 
Figures  164-168;  Map  3 

Micrathena  miles  Simon,  1895:  852,  fig.  907;  1896: 
468.  Female  syntypes  from  Fonte  Boa  and  Tefe, 
Amazon,  Brazil  (no.  1172,  MNHN),  examined. 
Roewer,  1942:  960.  Bonnet,  1957:  2872. 

Micrathena  cuminamensis  Mello-Leitao,  1930:  62, 
fig.  16,  2.  Female  from  Rio  Cumina  [Rio  Paru  de 
Ooste,  Est.  Para],  Brazil  (MNRJ),  lost.  NEW  SYN- 
ONYMY. 

Micrathena  miles  nigra  di  Caporiacco,  1948:  667. 
Immature  from  Tumatumari,  Guyana  (ZMF),  ex- 
amined. NEW  SYNONYMY. 

Synonymy.  The  illustration  of  M.  cu- 
minamensis appears  to  be  this  species,  al- 
though the  sternum  is  described  as  being 
yellow.  The  type  is  lost,  but  there  are  two 
other  specimens  from  Rio  Cumina  in  the 
MNRJ  labeled  M.  miles.  Di  Caporiacco's 
specimen,  an  immature,  appears  also  to  be 
this  species. 

Description.  Female  from  Rio  Purus, 
Brazil.  Carapace  orange,  rims  light  or- 
ange, sternum  black.  Coxae  orange,  distal 
leg  articles  orange-black.  Dorsum  of  ab- 
domen yellow-white,  rimmed  by  black; 
sides  black  with  dorsoventral  rows  of  white 
spots;  venter  black  with  small  paired  black 
spots  (Figs.  164-165).  Carapace  with  dis- 
tinct thoracic  depression,  wide  rim  and 
thorax  higher  than  head;  no  dimples.  An- 
terior and  venter  of  femora  have  tubercles 
tipped  by  short,  sharp  setae.  Abdomen 
longer  than  wide,  with  six  spines  (Figs. 
164,  165).  Total  length,  11.5  mm.  Cara- 
pace, 4.0  mm  long,  3.2  mm  wide.  First 
femur,  5.2  mm;  patella  and  tibia,  4.8  mm; 
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metatarsus,  3.7  mm;  tarsus,  1.3  mm.  Sec-  times  median  dark  mark  resembling  that 

ond  patella  and  tibia,  2.7  mm;  third,  2.3  of  male  (Fig.  174);  venter  black;  fork  with 

mm.  Fourth  femur,  6.4  mm;  patella  and  a  lighter  band  spreading  posterolaterally 

tibia,  5.0  mm;  metatarsus,  4.8  mm;  tarsus,  from  spinnerets.  Carapace  covered  with 

1.4  mm.  down;  with  a   round   thoracic  mark;  no 

Variation.  Females  vary  in  total  length  dimples  or  rim.  Abdomen  is  forked,  with- 

from  11.5  to  13.2  mm.  out  spines  (Fig.  170).  Total  length,  11.2 

Note.  The  male  is  unknown.  mm.   Carapace,   3.2   mm   long,   2.4   mm 

Diagnosis.  This  species  differs  from  Ml-  wide.  First  femur,  2.7  mm;  patella  and 

crathena  raimondi  by  lacking  a  frame  on  tibia,  2.7  mm;  metatarsus,  1.8  mm;  tarsus, 

each  side  of  the  transverse  bar  and  lobe  0.8  mm.  Second  patella  and  tibia,  2.2  mm; 

of  the  epigynum  (Fig.  166).  It  differs  from  third,  1.4  mm.  Fourth  femur,  3.3  mm;  pa- 

M.  kirbyi  by  lacking  anterior  spines  over-  tella  and  tibia,  2.7  mm;  metatarsus,  1.9 

hanging  the  carapace  (Fig.  165).  mm;  tarsus,  0.7  mm. 

Distribution.  Amazon  area  (Map  3).  Male  from  Panama.  Carapace,  sternum 

Records.  BRAZIL:  Est.  Para.  Rio  Ta-  dark  brown,  legs  brown.  Dorsum  of  ab- 

pajos,  25  Aug.   1978,  29  (Lacey,  INPA);  domen  with  black  and  white  marks  (Fig. 

Rio  Cumina,  29  (no.  14085,  MNRJ).  Acre.  174),    sclerotized    shield    brown;    venter 

Rio  Purus,  W  of  Sena  Madureira,  5  Sept.  black.  Carapace  slightly  pubescent  on  sides 

1973,  9  (B.  Patterson,  MCZ).  PERU:  Dept.  with  a  median  mark;  no  dimples  or  rim. 

Loreto.  Iquitos,  May  1920,  9  (H.  S.  Par-  Small  coxal  hook  present;  small  groove  on 

rish,  MCZ).  second  femur.  First  and  second  legs  strong, 

with  macrosetae  on  femur  and  tibia.  Total 

Micrathena  furcula  (O.  P.-Cambridge)  length,  4.8  mm.  Carapace,  2.2  mm  long, 

Plate  1;  Figures  169-175;  Map  4  1-5  mm  wide.  First  femur,  1.6  mm;  pa- 
tella and  tibia,  1.7  mm;  metatarsus,  1.2 

Acrosoma  furcula  O.  P.-Cambridge,  1890:  60,  pi.  8,  ^^.  j^^sus,  0.6  mm.  Second  patella  and 

rig.  11,  9.  Female  syntypes  rrom  Dolores,  Menche  .  .i  .       .,    .  ^i  •     i     n  n  i^        1.1     r 

on   the   river   Usumacinta   between   Dolores   and  ^ibia,  1.4  mm;  third    0.9  mm.   Fourth  fe- 

Chapallal  [Dept.  Peten],  Guatemala  (BMNH),  lost.  mur,  1.9  mm;  patella  and  tibia,  1.4  mm; 

Keyserling,  1892:  17,  pi.  1,  fig.  13,  9.  metatarsus,  1.2  mm;  tarsus,  0.6  mm. 
^Micrathena  pubescens  Simon,  1895:  854,  figs.  917,  Variation.  Females  vary  in  total  length 

918.   Juvenile   female   lectotype   here   designated  r      .„o^t^iiA,«,^     ,^„1^^  C^^^^    a  n  t^^ 
c       \*  I    /-          /x^xTuxn                J      J  1  from  8.4  to  11.0  mm,  males  trom  4.7  to 
rrom   Mato  Grosso   (IVINHN),   exammed   and   la- 
beled. NEW  DOUBTFUL  SYNONYMY.  4.8  mm. 
Micrathena  furcula.— F.  P.-Cambridge,  1904:  539,  Note.    The    male    and    female    were 
pi.  51,  fig.  25,  9.  Reimoser,  1917:  89.  Roewer,  1942:  matched  by   Chickering  because  imma- 

fi^s  60-6^^9  ^^^'^'  ^^^^'  ^^'''''^""^'  ^^^^'  '*^^'  ture  males  are  strongly  pubescent  and  oth- 

^^  '   '  erwise  look  like  the  adult  male.  The  struc- 

Synonymy.  The  immature  specimen  of  ture  of  the  male  palpus  (Fig.  175)  indicates 

M.  pubescens  was  in  a  vial  with  an  adult  a  close  relationship  to  M.  mitrata  and  M. 

male  of  M.  plana  and  some  other  imma-  bimucronata. 

ture  specimens.  Only  finding  an  adult  fe-  Diagnosis.  The  pubescence  on  the  car- 
male  from  Mato  Grosso  will  ascertain  that  apace  and  the  forked  abdomen  (Figs.  169, 
there  is  only  one  species.  Perhaps  there  is  170)  distinguish  females  from  other 
an  error  in  the  locality  of  Simon's  speci-  species.  The  male  palp  is  similar  to  that 
men.  of  species  related  to  M.  bimucronata  with 
Description.  Female  from  Panama,  a  sclerotized  tooth  at  the  base  of  the  me- 
Carapace  dark  red-brown.  Sternum  black-  dian  apophysis,  and  separated  from  relat- 
brown.  Legs  brown.  Abdomen  brownish  ed  species  by  the  shape  of  the  terminal 
white  on  dorsum,  sclerites  brown;  a  black  apophysis  and  conductor  (Fig.  175). 
patch  on  each  fork  (Fig.  170),  and  some-         Natural  History.  Specimens  have  been 
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taken  from  Sceliphron  wasp  nests  in  Costa 
Rica. 

Distribution.  Guatemala  to  southern 
Colombia  (perhaps  Brazil)  (Map  4). 

Records.  COSTA  RICA:  Prov.  Heredia. 
La  Selva,  nr.  Puerto  Viejo,  29  June  1979, 
4  July  1979,  29  (J.  Coddington,  MCZ). 
Puntarenas.  Corcovado  Natl.  Park,  Sirena 
Sta.,  31  Aug.  1982,  99  (R.  Matthews,  MCZ). 
PANAMA:  Prov.  Panama.  Barro  Colo- 
rado Island,  Gatun  Lake,  many  collections 
(AMNH,  cue,  MCZ).  COLOMBIA: 
Dept.  Valle.  Baja  Calima,  nr.  Puerto  Pa- 
tiiia,  10-13  July  1981,  9  (B.  Opell,  MCZ). 

Micrathena  bimucronata  (O.  P.-Cambridge) 
Figures  176-182;  Map  4 

Acrosoma  bimucronatum  O.  P.-Cambridge,  1899: 
302,  pi.  36,  fig.  14,  9.  Twelve  female  syntypes  from 
Cahabon,  seven  from  Chisec  and  nine  from 
Menche,  Guatemala  (BMNH),  examined. 

Micrathena  bimucronata: — F.  P.-Cambridge,  1904: 
538,  pi.  51,  fig.  23,  9,  Reimoser,  1917:  124,  Roewer, 
1942:  954.  Bonnet,  1957:  2863.  Chickering,  1961: 
936,  figs.  1-5,  9. 

Description.  Female  from  Costa  Rica. 
Carapace  brown,  head  region  orange;  rim 
of  thorax  narrow  and  light.  Sternum  dark 
brown.  Coxae  and  legs  lighter  orange. 
Dorsum  of  abdomen  white  with  posterior 
spines  having  some  black  pigment;  sides 
with  indistinct  vertical  black  bands;  ven- 
ter white  with  transverse  black  band 
through  middle  and  more  bands  poste- 
riorly connecting  with  vertical  bands. 
Carapace  high  with  U-shaped  thoracic 
depression  and  two  pairs  of  dimples  (Fig. 
177).  Abdomen  with  two  posterior  spines 
and  minute  denticles  on  sides  of  posterior 
half  (Figs.  176,  177).  Total  length,  6.0  mm. 
Carapace,  2.0  mm  long,  1.9  mm  wide. 
First  femur,  2.0  mm;  patella  and  tibia,  2.1 
mm;  metatarsus,  1.3  mm;  tarsus,  0.5  mm. 
Second  patella  and  tibia,  1.9  mm;  third, 
1.2  mm.  Fourth  femur,  2.2  mm;  patella 
and  tibia,  2.0  mm;  metatarsus,  1.4  mm; 
tarsus,  0.8  mm. 

Male  from  Costa  Rica.  Carapace,  legs 
orange.  Sternum  dusky  orange.  Dorsum  of 
abdomen  with  white  patches  and  indis- 
tinct black  marks;  venter  blackish.  Cara- 


pace with  distinct  thoracic  depression. 
First  coxa  with  small  hook,  second  femur 
with  groove.  Abdomen  slightly  longer  than 
wide,  rounded  behind  (Fig.  181).  Total 
length,  3.5  mm.  Carapace,  1.7  mm  long, 
1.3  mm  wide.  First  femur,  1.4  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.9 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.1  mm;  third,  0.6  mm.  Fourth  fe- 
mur, 1.4  mm;  patella  and  tibia,  1.1  mm; 
metatarsus,  0.9  mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  4.5  to  6.2  mm,  males  from  3.3  to  3.6 
mm.  Posterior  lateral  spines  of  many  spec- 
imens are  longer  than  those  illustrated 
(Fig.  177). 

Note.  Males  and  females  were  matched 
from  a  collection  by  W.  Peck  of  females 
with  two  males  from  Turrialba,  Costa 
Rica. 

Diagnosis.  The  coloring  of  M.  bimu- 
cronata is  quite  different  from  that  of  M. 
rufopunctata  (Fig.  177),  and  the  epigy- 
num  has  a  wider  septum  in  posterior  view 
(Fig.  179).  The  terminal  apophysis  cov- 
ering the  embolus  has  lobes  differently 
shaped  from  those  of  M.  mitrata,  and  the 
conductor  is  more  distant  from  the  tip  of 
the  cymbium  (Fig.  182). 

Natural  History.  Webs  were  found  in 
low  vegetation  and  dense  jungle  in  Costa 
Rica. 

Distribution.  Chiapas  to  western  Pan- 
ama (Map  4). 

Records.  MEXICO:  Est.  Chiapas.  La- 
candone  forest,  40  km  NE  of  Ocosingo,  4 
March  1945,  9  (T.  C.  Schneirla,  AMNH). 
HONDURAS:  Dept.  Atldntida.  Lancetil- 
la,  29  July  1929,  6  (A.  M.  Chickering, 
MCZ).  COSTA  RICA:  Heredia  Prov.  La 
Selva,  Puerto  Viejo,  Dec.  1980,  23  (W. 
Eberhard,  MCZ),  9  (L.  Higgins,  MCZ);  nr. 
La  Virgen,  8  Aug.  1978,  9  (A.  M.  Young, 
MPM).  Cartago.  Turrialba,  10-17  April 
1944,  9,  S,  15-30  May  1944,  9  (F.  Schra- 
der,  AMNH),  March  1967,  49,  23  (W. 
Peck,  EPC).  Limon.  Siquirres,  20-23  May 
1944,  9  (F.  Schrader,  AMNH);  Sixola  Riv- 
er, 9  (G.  C.  Wheeler,  MCZ);  Tortuguero 
Natl.  Park,  low  wet  coast  forest,  25  Sept. 
1976,  9  (C.  L.  Craig,  MCZ);  Tortuguero, 
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Figures  176-182.     Micrathena  bimucronata  (O.  P. -Cambridge).  176-180.  Female.  176.  Lateral.  177.  Dorsal.  178.  Epigynum, 
ventral.  179.  Epigynum,  posterior.  180.  Epigynum,  lateral.  181,  182.  Male.  181.  Dorsal.  182.  Left  palpus,  mesal. 

Figures  183-187.     Micrathena  rufopunctata  (Butler),  female.  183.  Lateral.  184.  Dorsal.  185.  Epigynum,  ventral.  186.  Epigynum, 
posterior.  187.  Epigynum,  lateral. 


Figure  188.     Micrathena  mitrata  (Hentz),  female  carapace.  Figures  189-191.  Micrathena  saccata  (C.  L.  Kocfi).  189.  Female 
carapace.  190,  191.  Immature  male.  190.  Dorsal.  191.  Abdomen,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  176,  177,  181,  183,  184,  188-191,  1.0  mm. 
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Feb.  1931,  29  (Nevermann,  NMW);  Wal- 
deck  Farm,  45  km  N  of  Limon,  11  Aug. 
1930,  9  (E.  Reimoser,  NMW).  Guana- 
caste.  Carillo,  9  (MCZ).  San  Jose.  San  Jose, 
9  (MCZ).  PANAMA:  Prov.  Bocas  del  Toro. 
59,  11  imm.  (F.  R.  Swift,  CUC). 

Micrathena  rufopunctata  (Butler) 
Figures  183-187;  Map  4 

Acrosoma  rubrocinctum  Butler,  1873:  423.  Female 

holotype  from  Brazil  (BMNH),  examined.   NEW 

SYNONYMY. 
Acrosoma  rufopunctatum  Butler,  1873:  423.  Female 

holotype  from  Jamaica  (BMNH),  examined. 
Micrathena    rufopunctata: — Reimoser,    1917:    152. 

Roewer,  1942:  962.  Bonnet,  1957:  2875.  Chicker- 

ing,  1964:  277,  figs.  64-67,  9. 
Micrathena  rubrocincta: — Reimoser,   1917:   153. 

Roewer,  1942:  962.  Bonnet,  1957:  2875. 

Note.  No  other  specimens  of  M.  rubro- 
cincta have  been  found  from  Brazil.  The 
type  specimen  is  another  of  M.  rufopunc- 
tata, with  an  erroneous  locaUty.  Even 
though  the  name  rubrocincta  has  Hne 
priority  over  rufopunctata,  I  use  the  latter 
because  it  has  the  correct  locality  and  there 
are  literature  references. 

The  types  had  been  pinned  and  are  in 
poor  physical  condition.  They  are  now  in 
alcohol. 

Description.  Female.  Carapace,  ster- 
num, legs  dark  brown.  Dorsum  of  abdo- 
men with  orange  band  on  each  side,  a 
transverse  posterior  orange  band  enclos- 
ing subtriangular  area  of  white  pigment 
overlain  by  black  all  around,  with  white 
only  in  center  (Fig.  184);  posterolateral 
spines  dark  brown;  venter  black  with  three 
pairs  of  discreet  white  patches,  probably 
red  in  living  specimens  (Fig.  183).  Cara- 
pace  fairly   high   with   circular   thoracic 


depression,  sometimes  with  an  indistinct 
pair  of  dimples  (Fig.  183).  Abdomen  sub- 
triangular  with  a  pair  of  anterior  blunt 
humps  overhanging  carapace  and  very 
strong,  large  posterolateral  spines.  Total 
length,  5.2  mm.  Carapace,  1.9  mm  long, 
1.7  mm  wide.  First  femur,  1.7  mm;  pa- 
tella and  tibia,  1.7  mm;  metatarsus,  1.1 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  1.5  mm;  third,  1.0  mm.  Fourth  fe- 
mur, 1.9  mm;  patella  and  tibia,  1.5  mm; 
metatarsus,  1.2  mm;  tarsus,  0.5  mm. 

Note.  The  male  is  unknown. 

Diagnosis.  The  striking  coloration  of  M. 
rufopunctata  separates  the  species  from 
the  similar  M.  bimucronata. 

Distribution.  Jamaica,  uncommon  (Map 
4). 

Records.  JAMAICA.  St.  Ann's  Parish: 
Mt.  Diabolo  Forest  Reserve,  29  June  1960, 
39  (T.  H.  Farr,  AMNH),  19  Aug.  1960,  9 
(T.  H.  Farr,  IJK).  Portland.  Ecclesdown, 
21  June  1961,  9  (T.  H.  Farr,  IJK).  St. 
Catherine.  Guanaboa  Vale,  13  Nov.  1960, 
9  (T.  H.  Farr,  IJK).  Manchester.  Chris- 
tiana, 11  June  1959,  9  (T.  H.  Farr,  IJK). 
Trelawny.  NW  of  Quickstep,  17  March 
1962,  9  (J.  Poulter,  IJK). 

Micrathena  mitrata  (Hentz) 
Figures  188,  192-198;  Map  4 

Epeira  mitrata  Hentz,  1850:  22,  pi.  3,  fig.  11,  9.  Syn- 
types  from  North  Carolina  and  Alabama,  de- 
stroyed. 

?  Micrathena  peruana  Taczanowski,  1879:  116,  pi. 
1,  fig.  32,  2.  Female  holotype  from  Amable  Maria 
[Junin,  Prov.  Tarma],  Peru  (PAN),  examined.  NEW 
SYNONYMY. 

Micrathena  patruelis: — F.  P. -Cambridge,  1904,  583. 
Roewer,  1942:  960.  Bonnet,  1957:  2873.  Chicker- 
ing,  1961:  445  [in  part  only;  misidentification,  not 
M.  patruelis  (C.  L.  Koch)]. 


Figures  192-198.  Micrathena  mitrata  (Hentz).  192-196.  Female.  192.  Lateral.  193.  Dorsal.  194.  Epigynum,  ventral.  195. 
Epigynum,  posterior.  196.  Epigynum,  lateral.  197,  198.  Male.  197.  Dorsal.  198.  Lett  palpus,  mesal. 

Figures  199-206.  Micrattiena  patruelis  (C.  L.  Koch).  199-203.  Female.  199.  Lateral.  200.  Dorsal.  201.  Epigynum,  ventral.  202. 
Epigynum,  posterior.  203.  Epigynum,  lateral.  204-206.  Male.  204.  Dorsal.  205,  206.  Palpus,  mesal.  205.  (Est.  Bahia,  Brazil). 
206.  (Prov.  Misiones,  Argentina). 

Figures  207-212.  /Micrathena  saccata  (C.  L.  Koch).  207-21 1 .  Female.  207.  Lateral.  208.  Dorsal.  209.  Epigynum,  ventral.  210. 
Epigynum,  posterior.  211.  Epigynum,  lateral.  212.  Male  palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  192,  193,  197,  199,  200,  204,  207,  208,  1.0  mm. 
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Micrathena  patruelis  luteomaculata  Strand,  1908;  4. 
Female  holotype  from  "Popayan  oder  Cauca"  [Po- 
payan,  Dept.  Cauca],  Colombia  (SMF),  examined. 
NEW  SYNONYMY. 

Micrathena  patruelis  mediovittata  Strand,  1908:  4. 
Two  female  syntypes  from  "Popayan  oder  Cauca" 
[Popayan,  Dept.  Cauca],  Colombia  (SMF),  exam- 
ined. NEW  SYNONYMY. 

Micrathena  mitrata:—Le\i,  1978:  428,  figs.  28-40, 
9,3. 

Synonymy.  A  male  from  Peru  is  need- 
ed to  ascertain  the  synonymy  of  M.  pe- 
ruana. The  holotype  of  M.  patruelis  lu- 
teomaculata has  a  black  and  white 
abdomen;  that  of  M.  patruelis  mediovit- 
tata has  an  orange,  leathery  abdomen. 

In  collections  most  specimens  from 
Mexico  and  Central  America  had  been 
misidentified  as  M.  patruelis. 

Variation.  Females  from  Mexico  and 
Central  America  vary  in  total  length  from 
4.1  to  5.6  mm,  males  from  3.5  to  3.9  mm. 
Some  females  are  dark  colored  (Fig.  193), 
others  have  only  little  black  pigment  on 
the  dorsum;  some  have  anterior  humps 
(Fig.  193),  some  not.  One  female  from  Ja- 
lisco, Est.  Nayarit,  had  an  additional  pair 
of  small  lateral  humps  anterior  of  the  up- 
per posterior  spines  and  had  the  posterior 
depressions  of  the  epigynum,  with  the 
septum  indistinct  and  the  depressions 
wider.  Central  American  specimens  lack 
the  last  two  pairs  of  dimples  on  the  cara- 
pace; the  carapace  thus  resembles  that  of 
M.  saccata. 

Micrathena  saccata,  M.  patruelis  and 
M.  mitrata  are  problematic.  Micrathena 
mitrata  is  the  common  species  in  eastern 
North  America.  M.  saccata  and  patruelis 
were  described  and  pictured  by  C.  L.  Koch 
from  Brazil  (1836:  59  and  1839:  130)  il- 
lustrating similar  abdomens.  F.  P. -Cam- 
bridge (1904:  528)  considered  specimens 
from  Central  America  and  Mexico  to  be- 
long to  patruelis  and  to  differ  from  mi- 
trata by  having  the  upper  spines  larger 
than  the  lower.  Reimoser  (1917:  80) 
thought  that  the  lower  spines  were  farther 
apart  than  the  upper  in  Mexican  and  Cen- 
tral American  M.  patruelis,  the  upper  far- 
ther apart  in  M.  mitrata.  He  considered 


M.  saccata  to  be  the  species  from  Cay- 
enne, Guyana  and  Venezuela,  with  longer 
upper  spines  than  lower  (Figs.  207,  208). 
Chickering  (1961)  was  puzzled  by  his 
specimens  and  illustrated  specimens  from 
the  Canal  Zone  as  patruelis,  which  Rei- 
moser (and  I)  have  considered  M.  saccata. 

In  the  AMNH  collection  all  specimens 
from  Mexico  to  Panama  had  been  labeled 
patruelis,  and  similar  specimens  from 
Texas  mitrata.  At  first  I  thought  them  to 
be  the  same,  but  found  that  the  males  from 
Panama  labeled  M.  patruelis  (Fig.  212) 
were  distinct  from  Mexico  and  Texas 
males  (Fig.  198).  Also,  M.  mitrata  in  the 
north  has  six  dimples  on  the  thorax  (Fig. 
188);  specimens  labeled  M.  patruelis  in 
Central  America  have  only  two  (Fig.  189). 
When  examining  collections  from  south- 
ern Brazil  and  Argentina  I  came  across 
other  specimens  similar  to  M.  mitrata 
(Figs.  199-206),  but  with  the  epigynum 
similar  to  Panamanian  specimens,  and  a 
male  palpus  (Figs.  205,  206)  closer  to  M. 
mitrata  from  Texas  and  Mexico.  Reex- 
amination of  all  Mexican  and  Central 
American  specimens  showed  two  popula- 
tions in  Central  America:  a  smaller,  rarer 
M.  mitrata  (abdomen  and  epigynum;  Figs. 
192-195),  and  a  common,  larger  species 
with  longer  upper  spines  (Figs.  207-210). 
Here  I  follow  Reimoser,  the  first  reviser, 
and  consider  the  larger  species  M.  saccata 
and  the  smaller  species  M.  mitrata.  I  con- 
sider the  southern  South  American  speci- 
mens to  belong  to  a  third  species,  M.  pa- 
truelis. Only  the  collection  of  males  in 
intermediate  areas  will  show  whether  this 
is  correct. 

Diagnosis.  Females  of  M.  mitrata  dif- 
fer from  the  similar  M.  saccata  by  having 
upper  and  lower  spines  subequal  in  size 
(Figs.  192,  193);  in  M.  saccata  the  dorsal 
spines  are  noticeably  longer  (Figs.  207, 
208).  The  transverse  bar  of  the  epigynum 
is  shorter  than  that  of  M.  saccata  (Fig. 
194),  forming  with  the  lobe  an  almost 
equilateral  triangle  (Fig.  194).  The  largest 
Central  American  M.  mitrata  females 
were  5.6  mm  in  total  length,  the  smallest 
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M .  saccata  6.0  mm.  Females  of  M.  mitra-  nas.  Oza  Peninsula,  40  km  SW  Rincon; 

ta  from  Mexico  and  Central  America  may  Corcovado  Natl.  Park,  Sirena  Station;  Gol- 

have    slight    anterior    abdominal    humps  fito;   Turrialba;   San   Isidro   del   General, 

(Fig.  193).  650-1,300  m.  PANAMA:  Prov.  Panama. 

Males  differ  from  M.  saccata  by  having  Cerro  Galero,  7  Jan.  1977,  9  (H.  Levi,  Y. 

the  embolus  hidden  in  mesal  view  under-  Lubin,  MCZ);  Summit,  July  1950,  9  (A.  M. 

neath  the  undulating  terminal  apophysis  Chickering,  MCZ);  Balboa,  3  Aug.  1943, 

(Fig.  198);  in  M.  saccata  the  embolus  is  2  (J.  B.  Duncan,  AMNH).  ECUADOR:  Los 

arched  above  the  terminal  apophysis.  The  Rios  Prov.  San  Carlos,  1  May  1984,  9  (F. 

palpus  differs  from  that  of  M.  bimucro-  Manging,  MECN).  Pichincha.  km  113  via 

nata  by  having  the  conductor  (which  sur-  Pto.  Quito,   19  May   1984,  9   (L.   Aviles, 

rounds  the  tip  of  the  embolus  and  termi-  MECN).  Guayas.  Milagro;  Colonche  A., 

nal   apophysis)    close    to   the   tip   of    the  1941,   9    (R.    W.    Landes,   EPC).    PERU: 

cymbium  (Fig.  198),  while  in  M.  bimu-  Dep^  ywni'n.  Utcuyacu,  March  1948,  9  (F. 

cronata  it  is  separated  from  the  tip  of  the  Woytkowski,  AMNH).  BRAZIL:  Est.  Acre. 

cymbium  by  a  distance  equal  to  its  own  Rio  Purus,  W  of  Sena  Madureira,  9  Oct. 

length.  1973,  9  (B.  Patterson,  MCZ). 

Distribution.  Eastern  United  States  to 

northern  South  America;  absent  from  the  Micrathena  patruelis  (C.  L.  Koch) 

West  Indies.  Specimen  from  Acre,  Brazil,  Figures  199-206;  Map  4 
6.1  mm  in  total  length,  may  not  be  this 

species.  The  southernmost  males  in  collec-  Acrosoma  patruele  C  L.  Koch    1839:  130,  pi.  130, 

..                   r            r^     I.     n-        /\t         a\  fig.  524,  9.  Female  trom  Brazil  (ZSM),  destroyed. 

tions  are  from  Costa  Rica  (Map  4).  &        '                                   \        /.           7 

Records.   MEXICO:   Est.   Tamaulipas.  Note.  F.  P. -Cambridge,  1904,  Reimo- 

65  km  S  of  Linares.  Nuevo  Leon.  San  Ro-  ser,  1917  and  Chickering  used  the  name 

que;  Juarez.  Coahuila.  Simojovel,  San  Isi-  patruelis  for  southernmost  specimens  of 

dro.  San  Luis  Potosi.  Tamazunchale;  5  km  Micrathena  mitrata.  Micrathena  mitra- 

W  El  Naranjo;  Picolo;  Huichichuyan;  E  ta,  however,  probably  does  not  occur  in 

of  Ciudad  del  Maiz;  Valles.  Sinaloa.  Co-  Brazil,  the  type  locality.  The  name  has  to 

pala;  W  San  Ignacio,  260  m.  Nayarit.  Te-  be  used  for  a  very  similar  species  common 

pic.  Jalisco.  Plan  de  Barrancas.  Veracruz,  in  southern  Brazil. 

Fortin  de  las  Flores;  El  Fortin;  Papantla,  Description.    Female.    Carapace,    legs 

Cordoba;   Chocoman,   Tlapacoyan;   La  dark    brown.    Sternum    blackish    brown. 

Buena   Ventura;   Atoyac;   Mirador  Zacu-  Dorsum   of   abdomen   white   with   black 

apam,  Medias  Aguas.  Guerrero.  Acamix-  marks  (Fig.  200);  venter  black,  sclerotized 

tla.  Oaxaca.  Soyaltepec;  Tolosa.  Tabasco,  areas  brown.  Carapace  swollen  with  a  dis- 

Teapa.   Yucatan.   Colonia  Yucatan;  Chi-  tinct  thoracic  depression  and  at  most  one 

chen  Itza.  Quintana  Roo.  Kohunlich  ruins,  pair  of  dimples.  Abdomen  with  four  sub- 

9  km  S  Francisco  villa.  Chiapas.  Arriago;  equal  posterior  spines  (Figs.  199,  200).  To- 

Montebello;  105  km  SE  of  Palenque;  Es-  tal  length,  5.4  mm.   Carapace,   1.8  mm 

cuintla;  nr.  Huehuetan;  Huixtla;  Palenque  long,  1.7  mm  wide.  First  femur,  1.6  mm; 

ruins;    Prusia;    Tonala;    Tapachula;    Ixta-  patella  and  tibia,  1.7  mm;  metatarsus,  1.1 

comitan.  GUATEMALA:  Variedades;  Ye-  mm;  tarsus,  0.6  mm.  Second  patella  and 

pocapa;    Guatemala    City;    Tucuru;    Re-  tibia,  1.5  mm;  third,  0.9  mm.  Fourth  fe- 

union;    Ayutla;    Coban;    Chicacao    El  mur,  2.0  mm;  patella  and  tibia,  1.6  mm; 

Naranjo.  HONDURAS:  Lancetilla;  Tela;  metatarsus,  1.1  mm;  tarsus,  0.6  mm. 

Copan.   BELIZE:  El  Cayo.   EL  SALVA-  Male.  Carapace  orange.  Sternum  black. 

DOR:  Quetzeltepeque;  Santa  Tecla;  San  Legs  orange.  Dorsum  of  abdomen  white 

Salvador.    NICARAGUA:   San   Marcos;  and  black;  venter  black  with  white  on  each 

Granada.  COSTA  RICA:  Prov.  Puntare-  side  behind   spinnerets.   First   coxa   with 
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hook.  Total  length,  4.1  mm.  Carapace,  1.9 
mm  long,  1.4  mm  wide.  First  femur,  1.2 
mm;  patella  and  tibia,  1.2  mm;  metatar- 
sus, 0.7  mm;  tarsus,  0.5  mm.  Second  pa- 
tella and  tibia,  1.0  mm;  third,  0.6  mm. 
Fourth  femur,  1.3  mm;  patella  and  tibia, 
1.0  mm;  metatarsus,  0.8  mm;  tarsus,  0.5 
mm. 

Variation.  Females  vary  in  total  length 
from  4.9  to  6.2  mm,  males  from  3.6  to  4.7 
mm.  The  terminal  apophysis  of  the  palpi 
of  the  two  males  examined  differs,  as  does 
the  relative  size  of  the  tegulum  (Figs.  205, 
206)  (see  discussion  under  M.  mitrata). 

Diagnosis.  Females  are  difficult  to  sep- 
arate from  M.  mitrata  found  in  the  north- 
ern hemisphere.  They  differ  mainly  by 
having  a  longer  transverse  bar  in  the  epig- 
ynum  and  a  smaller  lobe  (Fig.  201).  The 
epigynum  thus  resembles  that  of  M.  sac- 
cata.  Females  can  be  separated  from  M. 
saccata  by  having  the  two  pairs  of  abdom- 
inal spines  the  same  size  (Figs.  199,  200). 

Males  have  a  smaller  conductor  (Figs. 
205,  206)  than  M.  mitrata;  the  terminal 
apophysis  is  of  different  but  varying  shape 
(Figs.  205,  206),  and  the  embolus  as  seen 
through  the  terminal  apophysis  is  heavier 
than  that  of  mitrata.  The  edge  of  the  te- 
gulum is  farther  away  from  the  conductor 
than  in  related  species  (Figs.  205,  206). 

Distribution.  Bahia  state  to  northern 
Argentina.  It  is  uncertain  whether  some 
females  from  Para  belong  to  this  species 
or  to  mitrata,  since  we  do  not  have  males 
(Map  4). 

Records.  BRAZIL:  Est.  Bahia.  Iguassu, 
1924,  199,  3<5  (NRS).  Rio  de  Janeiro.  Pi- 
nheiro,  9  (MNRJ).  Mate  Grosso.  Chav- 
antina,  Oct.  1946,  9  (H.  Sick,  MZSP).  Mato 
Grosso  do  Sul.  Tres  Lagoas,  20  May  1964, 
9  (MZSP).  Sao  Paulo.  Ourinhos,  1901,  9 
(T.  Lima,  MZSP).  PARAGUAY:  Dept. 
Amamtay.  P.  N.  Cerro  Care,  May-June 
1982,  9  (J.  A.  Kochalka,  JAK).  Concep- 
cidn.  Territ.  Fonciere,  1908,  29  (E.  Rei- 
moser,  NMW).  ARGENTINA:  Misiones 
Prov.  Montecarlo,  3  Dec.  1965,  9  (Giaschi, 
AMNH);  Pto.  17  de  Octobre,  Oct.  1953, 
209,  33  (De  Carlo  et  ai,  MACN);  San  Ig- 


nacio,  Dec.  1948,  49  (M.  Biraben,  MULP). 
Salta.  PTabacal,  9  (33484,  MACN). 

Micrathena  saccata  (C.  L.  Koch) 

Plate  2;  Figures  189-191,  207-217; 
Map  4 

Acrosoma  saccatum  C.  L.  Koch,  1836:  59,  pi.  59,  fig. 
212,  2.  Female  specimen  from  Brazil  (ZSM),  de- 
stroyed. 

?  Micrathena  imbellis  Simon,  1895:  854,  fig.  916; 
1896:  49.  Three  juvenile  syntypes  from  Corosal  [10 
km  W  of  Caracas]  and  San  Esteban  [6  km  S  of 
Puerto  Cabello],  Venezuela  (No.  10009,  MNHN), 
examined.  NEW  SYNONYMY. 

Micrathena  patruelis: — F.  P. -Cambridge,  1904:  533, 
pi.  50,  figs.  15,  16,  2,  $  (in  part).  Reimoser,  1917: 
102,  pi.  4,  fig.  7,  2  (in  part).  Roewer,  1942:  960. 
Bonnet,  1957:  2873.  Chickering,  1961:  445,  figs. 
138-145,  2,  <5.  [in  part  only,  misidentification;  not 
M.  patruelis  (C.  L.  Koch)]. 

Micrathena  saccata: — Reimoser,  1917:  123,  pi.  8,  fig. 
22,  2.  Roewer,  1942:  962.  Bonnet,  1957:  2876. 

Micrathena  retracta  Chamberlin  and  Ivie,  1936:  57, 
fig.  131,  2.  Female  holotype  from  Barro  Colorado 
Island,  Panama  (AMNH),  examined.  First  synon- 
ymized  with  patruelis  by  Chickering.  NEW  SYN- 
ONYMY. 

Micrathena  timida  di  Caporiacco,  1947:  21.  Juvenile 
holotype  from  British  Guyana  (MZUF),  examined; 
1948:'  667,  fig.  79.  NEW  SYNONYMY. 

Synonymy .  The  largest  specimen  of  M. 
imbellis  is  a  juvenile  lacking  posterior 
spines  on  the  abdomen,  as  do  immature 
males.  Another  specimen  is  an  immature 
male;  the  smallest  is  2.0  mm  long  without 
spines.  The  specimens  are  illustrated  (Figs. 
190,  191);  they  may  be  M.  mitrata.  Mi- 
crathena timida  is  an  immature. 

Description.  Female.  Carapace,  ster- 
num dark  brown.  Legs  and  coxae  dark 
brown.  Dorsum  of  abdomen  white  with 
some  black  marks  (Fig.  208);  venter  black 
with  some  white  patches  behind.  Cara- 
pace swollen  with  distinct  thoracic 
depression  and  one  pair  of  indistinct  dim- 
ples, or  dimples  absent  (Fig.  189).  Abdo- 
men with  two  pairs  of  spines,  upper  pair 
longest  (Figs.  207,  208,  213,  214).  Total 
length,  6.5  mm.  Carapace,  2.4  mm  long, 
2.0  mm  wide.  First  femur,  2.0  mm;  pa- 
tella and  tibia,  2.0  mm;  metatarsus,  1.3 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  1.9  mm;  third,  1.2  mm.  Fourth  fe- 
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mur,  2.4  mm;  patella  and  tibia,  1.9  mm;  15  Aug.  1963,  6  (W.  Peck,  EPC).  PANA- 

metatarsus,  1.4  mm;  tarsus,  0.6  mm.  MA:  Prov.  Panama.  El  Valle;  Fort  Davis; 

Male.  Carapace,  legs  brown.  Sternum  Barro  Colorado  Island;  Gamboa;  Madden 

dark.  Dorsum  of  abdomen  with  black  pig-  Dam  area;  Summit;  Fort  Randolph;  Ta- 

ment  and  white  pigment  in  paired  white  boga  Island.  TRINIDAD:  Navy  base,  SW 

patches  surrounded  by  zone  free  of  black.  Trinidad,  9.  VENEZUELA:  Est.  Carabo- 

Thorax  with  median  mark.  Small  hook  on  bo.  San  Esteban,  Jan.  1940,  3  imm.,  32  (P. 

first  coxa  and  groove  on  second  femur.  Andruze,  AMNH).  Dist.  Fed.  Caracas,  49 

Abdomen    relatively    short,    rectangular.  (NMW).    GUYANA:    Essequibo   Distr. 

Total  length,  3.7  mm.  Carapace,  1.7  mm  Onoro  region,  upper  Essequibo  Riv.,  Dec. 

long,  1.4  mm  wide.  First  femur,  1.4  mm;  1937,  9  (W.  G.  Hassler,  AMNH).  Bartica. 

patella  and  tibia,  1.4  mm;  metatarsus,  1.0  Kartabo,    many    coll.    (CUC,    AMNH). 

mm;  tarsus,  0.6  mm.  Second  patella  and  FRENCH  GUIANA:  Cayenne,  9  (K.  Jel- 

tibia,  1.2  mm;  third,  0.7  mm.  Fourth  fe-  ski,  PAN).  Port  du  Salut,  9  (K.  Jelski,  PAN). 

mur,  1.6  mm;  patella  and  tibia,  1.3  mm;  COLOMBIA:  Dept.  Magdalena.  Rio  Frio, 

metatarsus,  0.9  mm;  tarsus,  0.6  mm.  8  Aug.  1926,  9  (F.  W.  Walker,  AMNH). 

Variation.  Females  vary  in  total  length  Meta.  45  km  W  of  Villa vicencio,  1,500  m, 

from  6.0  to  6.8  mm  in  Central  America;  June  1947,  9  (L.  Richter,  AMNH).  EC- 

the  smallest  came  from  Guyana  and  Bra-  UADOR:  Prov.  Los  Rios.  Pichilingue,  2 

zil  and  were  5.5  mm.  Males  vary  in  total  Feb.  1955,  9  (E.  I.  Schlinger,  E.  S.  Ross, 

length  from  3.2  to  3.7  mm.  The  carapace  CAS).  Guayas.  Zapotal,  7  April  1941,  9,  6 

of  females  lacks  dimples;  sometimes  only  (J.  Barrett,  EPC).  PERU:  Dept.  Hudnuco. 

the  first  pair  is  present,  the  other  indis-  110  km  E  of  Tingo  Maria,  11  Dec.  1954, 

tinct.   The  abdomen  of  females  is  very  imm.  (E.  I.  Schlinger,  E.  S.  Ross,  CAS). 

variable.  Specimens  from  Guyana  had  the  Loreto.     Rio    Samiria,    Oct.     1912,    9 

longest  upper  spines.  This  species  appears  (Bluntschli-Beyer,  AMNH).  BRAZIL:  Est. 

distinct  from  the  sympatric  M.  mitrata.  Para.  Belem,  July   1972,  39  (D.  G.  Mc- 

but  is  it  distinct  from  M.  patruelis?  (see  Grath,  MCZ;  M.  Galiano,  MEG);  50  km  E 

discussion  under  M.  mitrata).  One  speci-  of  Caninde,  Rio  Gurupi,  1963,  9  (B.  Malk- 

men  from  Trinidad  has  a  leathery  abdo-  in,  AMNH,  MZSP);  Caninde,  Oct.  1964,  9 

men  and  was  first  considered  distinct  (Figs.  (B.  Malkin,  AMNH);  Jacazeacanga,  Oct. 

213-217).  1959,  9   (M.   Alvarenga,  AMNH).   Mato 

Note.  Chickering  first  matched  males  Grosso.   Barra  do  Tapirape,   15-25  July 

with  females.  1963,  9  (B.  Malkin,  AMNH).  Rondonia. 

Diagnosis.   Micrathena   saccata   is   al-  Abuna,  March  1922,  9  (J.  H.  Williamson, 

ways  larger  than  sympatric  specimens  of  MCZ). 
M.  mitrata  in  Central  America.  The  epig- 

ynum  has  a  longer  transverse  bar  than  that  .^-      ^i.             t,        /o     i    x 

of  M.  mi^m^a  and  the  lobe  is  relatively  Micrathena  cubana  (Banks) 

smaller  (Figs.  209,  215).  The  upper  spines  '^'9^''^^  ^1 8-224;  Map  4 

are   always   longer   than    the   lower    (Figs.  Acrosoma  cubana  Banks,  1909a:  163,  pi.  45,  fig.  2. 

207,  208,  213,   214).    Males  are  separated  Juvenile  holotype  from  San  Diego  de  Los  Banos 

by  the  curved  terminal  apophysis  and  em-  j-^'"'^'  ^^^  ^^5  P''°^  ]'  <^"b^  ('^^^)'  ^^'^-  „       ^„ 

11              111            .1  •      .         .                        ..  Micrathena  reduviana  var.  alba  Franganulo,  1936: 

bolus  arched  above  this  structure,  permit-  47  gg  5Q  5  ^^^  SYNONYMY. 

ting  the  embolus  to  be  visible  (Fig.  212).  Micrathena  reduviana  var.  rufa  Franganillo,  1936: 

Distribution.  Honduras  to  central  South  98.  NEW  SYNONYMY. 

America  (Map  4)  Micrathena  cubana: — Bryant,   1940:  371,  figs.   137, 

Records.  HONDURAS:  Dept.  Atldnti-  i'^^'  i^^'  T\^S' L'^VT^^^'  ^""^Za^^lZ 

1        rr-i      /A»,   ^i.iT    ,  .^r,^  956.  Bonnet,  1957:  2865.  Chickenng,  1964:  256, 

da.   Tela,   9    (A.    M.    Chickenng,   MCZ).  figs  4,7  2. 

COSTA   RICA:    CartagO  Prov.   Turrialba,  Micraf/i^na /orcipata.— Bryant,  1940:  372,  figs.  141, 
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146,  S.  Chickering,  1964:  257,  fig.  16,  6.  (Male  only; 
misidentification,  not  M.  forcipata). 

Description.  Female.  Carapace,  ster- 
num, legs  dark  brown.  Dorsum  of  abdo- 
men with  black  T-shaped  patch  on  white 
(Fig.  219);  sides  black  with  some  white 
spots;  venter  black.  Carapace  with  three 
pairs  of  dimples,  a  circular  thoracic 
depression,  and  a  narrow,  light  rim.  Fem- 
ora corniculate.  Abdomen  with  pair  of 
short,  soft  anterior  tubercles,  one  pair  large 
posterior  upper  spines,  a  smaller  pair  be- 
low (Figs.  218,  219);  upper  spines  with 
some  tubercles  bearing  setae.  Total  length, 
7.0  mm.  Carapace,  2.4  mm  long,  2.1  mm 
wide.  First  femur,  2.2  mm;  patella  and 
tibia,  2.3  mm;  metatarsus,  1.6  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  2.0  mm; 
third,  1.2  mm.  Fourth  femur,  2.7  mm;  pa- 
tella and  tibia,  2.2  mm;  metatarsus,  1.6 
mm;  tarsus,  0.6  mm. 

Male.  Carapace,  sternum,  legs  brown. 
Dorsum  of  abdomen  with  white  patches 
on  brown  background  (Fig.  223);  venter 
black.  Carapace  with  two  or  three  pairs 
of  dimples  and  a  thoracic  depression.  Hook 
on  first  coxa.  Sides  of  abdomen  parallel, 
posterior  rounded  (Fig.  223).  Total  length, 
3.6  mm.  Carapace,  1.0  mm  long,  0.6  mm 
wide.  First  femur,  1.4  mm;  patella  and 
tibia,  1.5  mm;  metatarsus,  1.2  mm;  tarsus, 
0.5  mm.  Second  patella  and  tibia,  1.3  mm; 
third,  0.7  mm.  Fourth  femur,  1.7  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  1.0 
mm. 

Variation.  Females  vary  in  total  length 
from  4.8  to  6.8  mm,  males  3.5  to  3.6  mm. 
All  females  and  juveniles  examined  had 
similar  black  marks  on  the  dorsum  of  the 


abdomen.  Another  male  had  the  conduc- 
tor and  the  paramedian  apophysis  rela- 
tively larger  than  the  one  illustrated  (Fig. 
224),  but  of  the  same  shape. 

Note.  Even  though  the  male  had  been 
collected  with  females  and  has  the  palpus 
like  that  of  the  related  M.  mitrata  and  M. 
saccata,  Bryant  and  Chickering  mistook 
the  male  to  be  that  of  M.  forcipata. 

Diagnosis.  The  black  T-shaped  patch 
on  the  dorsum  of  the  abdomen  and  the 
shape  of  the  abdomen  (Figs.  218,  219)  dis- 
tinguish females  from  M.  mitrata  and  M. 
saccata,  neither  of  which  occurs  in  Cuba. 
Males  differ  from  these  two  similar  species 
by  the  shape  of  the  conductor,  which  has 
a  slit  (Fig.  224).  The  embolus  when  viewed 
through  the  terminal  apophysis  has  a  bi- 
forked  tip  (Fig.  224). 

Natural  History.  Micrathena  cubana 
has  been  collected  from  gardens,  woods 
and  a  ravine  in  mountain  forest  at  an  el- 
evation of  600  to  1,000  m. 

Distribution.  Cuba  (Map  4). 

Records.  CUBA:  Santiago  Prov.  Sierra 
del  Cobra,  Loma  del  Gato,  800-1,000  m, 
7$,  3  (MCZ),  59  (AMNH);  Jiguani,  Los  Ne- 
gros,  9  (MCZ);  Jiguani,  Los  Altos,  9  (MCZ); 
coast  below  Pico  Turquino,  9  (MCZ); 
Puerto  Boniato,  9  (AMNH),  9  (L.  F.  Ar- 
mas, CASH);  Rio  Piloto,  Sierra  de  Nipe,  9 
(R.  Bielanski,  A.  Riedel,  PAN).  Guantd- 
namo.  N  of  Imias,  900-1,200  m,  29  (MCZ); 
Cuchillo  de  Guajimero,  600  m,  9  (MCZ); 
Gran  Piedra,  9  (AMNH);  Monte  Verde,  9 
(O.  Garrido,  J.  de  la  Cruz,  CASH).  Cien- 
fuegos.  Soledad,  9  (MCZ);  Trinidad,  Mina 
Carlotta,  9  (many  coll.,  MCZ);  Sierra  Trin- 
idad, Buenos  Aires,  750-1,050  m,  9,  3 
(MCZ);  Trinidad  Mts.,  750  m,  9  (MCZ),  7 


Figures  213-217.     Micrathena  saccata  (C.  L.  Koch)  (Trinidad),  female.  213.  Lateral.  214.  Dorsal.  215.  Epigynum,  ventral.  216. 
Epigynum,  posterior.  217.  Epigynum,  lateral. 

Figures  218-224.     Micrathena  cubana  Bryant.  218-222.  Female.  218.  Lateral.  219.  Dorsal.  220.  Epigynum,  ventral.  221.  Epig- 
ynum, posterior.  222.  Epigynum,  lateral.  223,  224.  Male.  223.  Dorsal.  224.  Left  palpus,  mesa!. 

Figures  225-229.     Micrathena  similis  Bryant,  female.  225.  Lateral.  226.  Dorsal.  227.  Epigynum,  ventral.  228.  Epigynum,  pos- 
terior. 229.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  213,  214,  218,  219,  223,  225,  226,  1.0  mm. 
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Sept.  1972,  9  (L.  F.  Armas,  CASH);  San 
Bias,  9  (MCZ).  Pinar  del  Rio.  San  Vicente, 

9  (AMNH);  Vinales,  9  (AMNH);  Cande- 
laria,  29  (MCZ).  Villa  Clara.  Vega  Alta,  9 
(cue);  Topes  de  Collantes,  9  (AMNH). 

Micrathena  similis  Bryant 
Figures  225-229;  Map  4 

Micrathena  similis  Bryant,  1945:  45,  figs.  8,  43,  44, 
2.  Female  holotype  from  Puerto  Plata,  Dominican 
Republic  (MCZ),  examined.  Chickering,  1964:  279, 
figs.  68-71,  S. 

Description.  Female  holotype.  Cara- 
pace brown  with  light  brown  rim.  Ster- 
num, legs  brown.  Dorsum  of  abdomen 
white,  sides  and  venter  black.  Carapace 
with  three  pairs  of  dimples  (Figs.  225, 
226).  Total  length,  5.5  mm.  Carapace,  2.2 
mm  long,  L8  mm  wide.  First  femur,  1.8 
mm;  patella  and  tibia.  1.9  mm;  metatar- 
sus, 1.4  mm;  tarsus,  0.4  mm.  Second  pa- 
tella and  tibia,  1.8  mm;  third,  1.1  mm. 
Fourth  femur,  2.3  mm;  patella  and  tibia, 
1.7  mm;  metatarsus,  1.3  mm;  tarsus,  0.5 
mm. 

Variation.  Females  vary  in  total  length 
from  5.1  to  5.5  mm.  The  holotype  has  the 
dorsum  of  the  abdomen  white;  that  of  the 
paratype  is  black  like  that  of  some  M.  mi- 
trata. 

Note.  The  male  is  unknown. 

Diagnosis.  The  female  differs  from  most 
Florida  M.  mitrata  by  having  an  anterior 
pair  of  humps  overhanging  the  carapace 
(Fig.  226).  It  differs  from  M.  cubana  by 
the  differently  shaped  abdomen  and  the 
different  markings  (Fig.  226). 

Distribution.  Hispaniola  (Map  4). 

Records.  DOMINICAN  REPUBLIC: 
Prov.  Puerto  Plata.  Mt.  Diego  de  Ocam- 
po,  North  Range,  900-1,200  m,  July  1938, 
2  (P.  J.  Darlington,  MCZ).  Barahona.  Valle 
de  Polo,  700-850  m,  18  Aug.  1935,  9  (W. 
G.  Hassler,  AMNH). 

Micrathena  coroico  new  species 
Figures  230-234;  Map  5 

Holotype.  Female  from  Coroico,  Dept.  La  Paz,  Bo- 
livia (NMW).  The  specific  name  is  a  noun  in  ap- 
position after  the  type  locality. 


Description.  Female.  Carapace  light 
orange  with  median  and  two  lateral  dark- 
er streaks.  Labium,  endites,  sternum 
blackish  brown.  Coxae  very  light,  distal 
leg  articles  light  orange.  Dorsum  of  ab- 
domen whitish  with  dark  sclerotized  spots 
and  tips  of  spines  black  (Fig.  231);  venter 
with  book-lung  covers  dark  brown,  oth- 
erwise mottled  black  and  white.  Carapace 
with  three  pairs  of  indistinct  dimples  in- 
dicated by  darker  streaks;  thorax  high  (Fig. 
231),  with  distinct  thoracic  depression. 
Posterior  median  eyes  1.2  diameters  of  an- 
terior medians;  laterals  slightly  smaller 
than  anterior  median  eyes.  Abdomen  with 
one  pair  of  spines  overhanging  carapace 
and  two  posterior  pairs  (Fig.  231).  Total 
length,  10.4  mm.  Carapace,  3.7  mm  long, 
3.0  mm  wide.  First  femur,  4.1  mm;  pa- 
tella and  tibia,  4.2  mm;  metatarsus,  2.9 
mm;  tarsus,  1.2  mm.  Second  patella  and 
tibia,  3.8  mm;  third,  2.0  mm.  Fourth  fe- 
mur, 5.0  mm;  patella  and  tibia,  4.2  mm; 
metatarsus,  3.2  mm;  tarsus,  1.2  mm. 

Diagnosis.  Micrathena  coroico  differs 
from  M.  macfarlanei  and  other  similar 
species  by  having  no  lateral  spines  (Figs. 
230,  231). 

Micrathena  crassispina  (C.  L.  Koch) 
Figures  235-241 ;  Map  5 

Acrosoma  crassispinum  C.  L.  Koch,  1836:  55,  fig. 
209,  9.  Female  from  America,  lost. 

Micrathena  bergi  Simon,  1901:  121.  Female  from 
Chaco,  Argentina  (MNHN),  lost.  NEW  SYNON- 
YMY. 

Micrathena  spinosa: — Mello-Leitao,  19.39:  72,  figs. 
54,  55,  9  (misidentification). 

Micrathena  crassispina: — Roewer,  1942:  956.  Bon- 
net, 1957:  2864. 

Synonymy.  This  species  best  fits  Koch's 
original  description  and  the  illustration  of 
a  pinned  specimen.  Simon's  description  of 
M.  bergi,  the  type  of  which  is  lost,  also  fits 
this  species. 

Description.  Female.  Carapace,  ster- 
num, legs  orange.  Abdomen  white  with 
tips  of  spines  black.  Carapace  with  a  deep 
dimple  on  each  side  behind  head;  thorax 
high;  rim  indistinct  but  present.  Abdomen 
subtriangular   with   four   pairs   of   spines 


MiCRATHENA  AND  Chaetacis  •  Levi 


495 


Figures  230-234.  Micrathena  coroico  n.  sp.,  female.  230.  Lateral.  231.  Dorsal.  232.  Epigynum,  ventral.  233.  Epigynum,  pos- 
terior. 234.  Epigynum,  lateral. 

Figures  235-241.  Micrathena  crassispina  (C.  L.  Koch).  235-239.  Female.  235.  Lateral.  236.  Dorsal.  237.  Epigynum,  ventral. 
238.  Epigynum,  posterior.  239.  Epigynum,  lateral.  240,  241.  Male.  240.  Dorsum.  241.  Left  palpus,  mesal. 

Figures  242-251.  Micrathena  /ucas/ (Keyserling).  242-249.  Female.  242.  Lateral.  243-246.  Dorsal.  243.  (Lectotype,  Bogota). 
244.  (Lectotype,  M.  acutospina,  Bogota).  245.  (Dept.  Junin,  Peru).  246.  (Boquete,  Panama).  247.  Epigynum,  ventral.  248. 
Epigynum,  posterior.  249.  Epigynum,  lateral.  250,  251.  Male.  250.  Dorsal.  251.  Palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  230,  231,  235,  236,  240,  242-246,  250,  1.0  mm. 
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(Figs.  235,  236).  Total  length,  11.5  mm. 
Carapace,  4.3  mm  long,  3.5  mm  wide. 
First  femur,  4.8  mm;  patella  and  tibia,  4.7 
mm;  metatarsus,  3.4  mm;  tarsus,  1.4  mm. 
Second  patella  and  tibia,  4.2  mm;  third, 
2.6  mm.  Fourth  femur,  5.8  mm;  patella 
and  tibia,  4.7  mm;  metatarsus,  3.4  mm; 
tarsus,  1.3  mm. 

Male.  Carapace  orange,  sides  brown. 
Sternum  light  orange,  legs  orange.  Dor- 
sum of  abdomen  with  anterolateral  black 
patches  and  posterior  dark  marks;  venter 
with  book-lungs  dark,  no  pigment  in  mid- 
line; black  on  sides;  black  around  spinner- 
ets and  posterior  to  spinnerets.  Carapace 
with  three  pairs  of  indistinct  dimples  and 
very  distinct  thoracic  depression.  Length 
of  abdomen  more  than  3.5  times  anterior 
width,  narrowing  behind  (Fig.  240).  First 
coxa  with  hook,  second  femur  with  groove. 
Total  length,  8.2  mm.  Carapace,  3.0  mm 
long,  2.3  mm  wide.  First  femur,  2.9  mm; 
patella  and  tibia,  2.2  mm;  metatarsus,  2.2 
mm;  tarsus,  0.9  mm.  Second  patella  and 
tibia,  2.2  mm;  third,  1.2  mm.  Fourth  fe- 
mur, 3.3  mm;  patella  and  tibia,  2.4  mm; 
metatarsus,  2.0  mm;  tarsus,  0.9  mm. 

Variation.  Females  vary  in  total  length 
from  9.4  to  11.5  mm,  males  from  7.7  to 
8.6  mm.  Females  sometimes  have  a  mi- 
nute spine  pair  below  the  posterior  pair 
of  spines. 

Note.  Males  have  been  collected  with 
immature  and  adult  females. 

Diagnosis.  Micrathena  crassispina  dif- 
fers from  M.  guanabara  by  having  one 
less  pair  of  spines  on  the  posterior  of  the 
abdomen,  from  M.  raimondi  and  M.  miles 
by  having  a  pair  of  spines  overhanging  the 
carapace  (Figs.  235,  236),  and  from  all 
three  by  the  shape  of  the  posterior  face  of 
the  epigynum  (Figs.  237-239). 

Distribution.  Southern  Brazil,  Bolivia  to 
northern  Argentina  (Map  5). 

Records.  BRAZIL:  Est.  Espirito  Santo. 
Rio  Sao  Jose,  9  (MZSP).  Rio  de  Janeiro. 
Niteroi,  29  (MNRJ).  Sao  Paulo.  Sao  Paulo, 
49  (MNRJ,  BMNH,  MZSP);  Boraceia,  9 
(MZSP).  Parana.  Curitiba,  9  (MZSP);  Ban- 
hado,  9  (MZSP).  Santa  Catarina.  Serra 
Geral,  9  (ZMB);  Nova  Teutonia,  9  (CAS); 


Lagoa,  9  (IBSP);  Blumenau,  9  (NMW).  Rio 
Grande  do  Sul.  Guarani,  9  (AMNH);  Pe- 
lotas,  9  (AMNH);  Triunfo,  49,  3<5  (FZRS); 
Montenegro,  3<3  (FZRS);  Viamao,  49 
(FZRS);  Sao  Franciso  de  Paula,  9  (FZRS); 
Garruchos,  Sao  Borja,  S  (FZRS);  Passo 
Fundo,  69  (IBSP).  BOLIVIA:  Dept.  Po- 
tosi.  Cornaca,  9  (MCZ).  PARAGUAY:  29 
(NHMB,  BMNH).  ARGENTINA:  Prov. 
Misiones.  Puerto  Aguirre,  9  (MULP); 
Pindpoy,  9  (MULP);  San  Ignacio,  9 
(MULP);  Santa  Maria,  9  (MACN),  89,  3<5 
(MACN);  Santa  Ana,  29  (MACN);  Punto 
Tabay,  49  (MACN);  Eldorado,  9  (IMLT); 
Monteagudo,  269,  10  imm.  (MACN). 

Micrathena  lucasi  (Keyserling) 
Figures  242-251 ;  Map  5 

Acrosoma  lucasi  Keyserling,  1863:  68,  pi.  2,  fig.  1,  2. 
Female  lectotype  designated  by  Chickering,  1960c, 
and  nine  female,  two  juvenile  paralectotypes  from 
Bogota,  Colombia  (BMNH),  examined.  1892:  27, 
pi.  1,  fig.  24. 

Acrosoma  acutospinum  Keyserling,  186.3:  69,  pi.  2, 
fig.  3,  9.  Female  lectotype  and  four  female  para- 
lectotypes from  Santa  Fe  de  Bogota,  N.  Granada 
[Bogota,  Colombia]  (BMNH),  designated  by 
Chickering,  1960c,  examined;  1892:  26,  pi.  1,  fig. 
23,  9.  NEW  SYNONYMY. 

Acrosoma  occidentalis  Taczanowski,  1879:  111,  pi. 
1,  fig.  28,  9.  Three  female  syntypes  from  Amable 
Maria  [Junin],  Peru  (PAN),  examined.  NEW  SYN- 
ONYMY. 

Acrosoma  trapa  Getaz,  1893:  105.  Three  females  from 
Buenos  Aires  [Prov.  Puntarenas],  Costa  Rica,  lost. 
NEW  SYNONYMY. 

Micrathena  inaequalis  F.  P.-Cambridge,  1904:  535, 
pi.  50,  fig.  20,  9.  Four  female  syntypes  from  Volcan 
de  Fuego  [14''29'N,  90°53'W],  Guatemala  (BMNH), 
examined.  Reimoser,  1917:  116.  Roewer  1942:  959. 
Bonnet,  1957:  2870.  Chickering,  1961:  427,  figs. 
89-93,  9.  NEW  SYNONYMY. 

Micrathena  joinvillicola  Strand,  1915:  121.  Juvenile 
holotype  from  Joinville,  Santa  Catarina,  Brazil 
(SMF),  examined.  NEW  SYNONYMY. 

Micrathena  occidentalis: — Reimoser,  1917:  112,  pi. 
6,  fig.  16,  9.  Roewer,  1942:  960.  Bonnet,  1957:  2873. 

Micrathena  acutospina: — Reimoser,  1917:  115. 
Roewer,  1942:  953.  Bonnet,  1957:  2861.  Chicker- 
ing, 1960c:  66,  figs.  1-3,  9. 

Micrathena  lucasi: — Reimoser,  1917:  117.  Roewer, 
1942:  959.  Bonnet,  1957:  2871.  Chickering,  1960c: 
82,  figs.  63-65. 

Synonymy.  Keyserling  wrote  that  he 
had  only  one  specimen  of  M.  acutospina. 
Others  may  have  been  added  to  the  vial 
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at  a  later  time.  Micrathena  lucasi  and  M. 
acutospina  were  described  by  Keyserling 
at  the  same  time;  the  syntypes  of  the  two 
names  differ:  M.  acutospina  (Fig.  244)  has 
an  additional  pair  of  denticles  anterior  on 
the  sides  which  M.  lucasi  lacks  (Fig.  243). 
There  are  also  slight  differences  in  pro- 
portions and  swellings  of  the  posterior  view 
of  the  epigyna  and  internal  genitalia. 
Many  other  specimens  from  various  col- 
lections seem  to  be  intermediate,  in  both 
the  posterior  view  of  the  epigynum  and 
the  presence  or  absence  of  the  denticle. 
Some  specimens  have  a  slight  hump  in  its 
place;  others  a  denticle  only  on  one  side. 
Perhaps  the  two  original  collections  of 
Keyserling,  both  allegedly  from  Bogota, 
came  from  different  localities.  In  the  early 
19th  century  Bogota  was  a  trading  center 
for  natural  history  specimens,  and  the 
specimens  may  have  been  bought  rather 
than  collected  there. 

Micrathena  occidentalis  differs  by  hav- 
ing a  relatively  wide  abdomen  with  trans- 
verse stripes  (Fig.  245).  The  thorax  is  high, 
the  dimples  more  distinct  (Figs.  245),  and 
the  lobe  of  the  epigynum  blunter.  There 
are  only  a  few  specimens  in  collections 
resembling  the  types:  Villavicencio,  Co- 
lombia; S  of  Santo  Domingo,  Ecuador  and 
some  from  southern  Brazil.  One  female 
from  Villavicencio  had  an  asymmetrical 
abdomen,  wider  on  one  side  than  the  oth- 
er. Finding  the  males  that  belong  with  the 
striped  females  may  indicate  whether  or 
not  this  is  a  distinct  species. 

Getaz'  description  and  measurements  of 
Acrosoma  trapa  fit  this  species  and  not 
others.  Getaz  did  not  notice  the  tiny  spines 
on  the  sides  of  the  abdomen. 

Micrathena  inaequalis  types  are  close 
to  those  of  M.  lucasi  and  without  doubt 
the  same  species;  the  type  of  M.  joinvil- 
licola  is  an  immature. 

Description.  Female  lectotype  of  M. 
lucasi.  Carapace,  legs,  sternum  brown. 
Dorsum  of  abdomen  whitish;  posterolater- 
al spines  with  some  black  pigment;  sides 
and  venter  with  some  gray  marks.  Epig- 
ynum and  ring  around  spinnerets  brown. 
Carapace  with  three  pairs  of  indistinct 


dimples  and  a  round  thoracic  depression. 
Abdomen  with  eight  spines,  the  postero- 
laterals subequal  in  size  (Figs.  242,  243). 
Total  length,  6.8  mm.  Carapace,  2.7  mm 
long,  2.2  mm  wide.  First  femur,  2.5  mm; 
patella  and  tibia,  2.6  mm;  metatarsus,  1.8 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  2.4  mm;  third,  1.4  mm.  Fourth  fe- 
mur, 2.7  mm;  patella  and  tibia,  2.4  mm; 
metatarsus,  1.7  mm;  tarsus,  0.7  mm. 

Male  from  Dept.  Valle,  Colombia.  Car- 
apace brown,  sides  darker,  grayish.  Ster- 
num blackish  brown.  Legs  brown,  femora 
darkest.  Dorsum  of  abdomen  with  rim  of 
black  pigment  around  margin  on  yellow- 
brown  background;  sclerotized  disks  black; 
indications  of  two  white  transverse  bands; 
venter  black  without  marks.  Carapace 
with  faint  dimples  (Fig.  250).  First  coxa 
with  hook,  second  femur  with  groove.  Ab- 
domen longer  than  wide,  sides  parallel, 
rounded  behind  (Fig.  250).  Total  length, 
4.8  mm.  Carapace,  2.0  mm  long,  1.4  mm 
wide.  First  femur,  1.5  mm;  patella  and 
tibia,  1.4  mm;  metatarsus,  1.0  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  1.3  mm; 
third,  0.8  mm.  Fourth  femur,  1.7  mm;  pa- 
tella and  tibia.  1.3  mm;  metatarsus,  0.9 
mm;  tarsus,  0.6  mm. 

Variation.  Females  of  M.  lucasi  are  ex- 
tremely variable,  ranging  in  total  length 
from  5.4  to  8.3  mm.  Males  vary  in  total 
length  from  4.5  to  4.8  mm.  The  thorax  of 
some  specimens  is  higher  than  in  others, 
and  the  dimples  more  distinct  (indepen- 
dent of  the  striped  abdomen).  Most  spec- 
imens have  the  abdomen  longer  than  wide 
to  as  long  as  wide,  but  there  are  some  that 
have  the  abdomen  much  wider  than  long 
(Fig.  245).  Some  have  the  socket  of  the 
posterolateral  spines  extended  (Fig.  246). 
One  female  from  San  Jose,  Costa  Rica  had 
the  ventral  one  of  the  double  spines  re- 
duced to  a  large  denticle  (perhaps  it  be- 
longed to  a  different  species). 

Note.  One  collection  had  a  large  series 
of  males  and  females,  another  a  male  and 
a  female  collected  together.  Late  imma- 
ture stages  have  an  abdomen  like  the  adult. 

Diagnosis.  The  eight-spined  female 
(sometimes  an  additional  pair  of  lateral 
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denticles  is  present)  differs  from  M.  cras- 
sispina,  which  also  has  eight  spines,  by  the 
first  pair  overhanging  the  carapace  being 
usually  white,  and  by  the  third  and  fourth 
pair  having  a  common  socket  (Figs.  242- 
246).  The  T-shaped  epigynum  usually  has 
a  narrow,  light  colored  lobe  (Fig.  247).  In 
posterior  view  there  is  a  swelling  in  the 
throat,  often  lighter  colored  and  continu- 
ing dorsally  in  the  middle.  It  is  bordered 
on  each  side  by  a  heavier,  sclerotized  area, 
sometimes  dark  colored  (Fig.  248). 

Males  differ  from  others  by  the  sclero- 
tized plate  on  the  proximal  end  of  the  me- 
dian apophysis,  the  terminal  apophysis 
having  a  wide  overhanging  appendage, 
and  by  the  sclerotized  conductor  visible 
behind  the  tip  of  the  embolus  and  termi- 
nal apophysis  (Fig.  251). 

Natural  History.  Micrathena  lucasi  is 
a  montane  species  occurring  1,000  to  2,300 
m  elevation  in  Mexico,  in  the  mountains 
of  Panama,  and  at  higher  elevations 
through  Colombia  to  Peru.  It  is  found  in 
forests,  with  one  record  from  a  paramo  in 
the  Sierra  de  Santa  Marta. 

Distribution.  Mexico  to  southern  Brazil 
(Map  5). 

Records.  MEXICO:  Est.  Veracruz.  Vol- 
can  San  Martin,  nr.  San  Andres  Tuxtla, 
1,000  m,  July  1953,  9  (C.  J.  Goodnight, 
AMNH).  Oaxaca.  Yelagago,  2,300  m, 
1963,  9.  Chiapas.  Cacahuatan,  1,200-1,500 
m,  29  (AMNH);  Finca  "La  Isle,"  29  (CAS). 
GUATEMALA:  Chicacao,  El  Naranjo,  9 
(AMNH).  COSTA  RICA:  Alajuela  Prov. 
Est.  Fabio  Baudrit,  29  (MZCR).  Cartago. 
Finca  Sinfonia  [9:50N,  83:05W],  9 
(AMNH);  nr.  Turrialba,  1,300  m,  9  (MCZ), 
39  (MZCR);  Juan  Vinas,  9  (NMW).  San 
Jose.  San  Jose,  1,100  m,  9  (AMNH,  MCZ); 
Ciudad  Universitaria,  9  (MZCR);  Potorro, 
1,600  m,  49  (MCZR).  Puntarenas.  San 
Vito,  29  (AMNH,  MZSR).  La  Verbena,  9 
(MCZ);  Monteverde,  29  (AMNH,  MCZ). 
Cartago.  San  Isidro  del  General,  600-1,200 
m  (MCZ).  PANAMA:  Prov.  Chiriqui.  El 
Volcan,  9  (AMNH),  9,  6  (MCZ);  Boquete, 
9  (MCZ);  La  Fortuna  dam  site,  29  (MCZ). 
Panama.  El  Valle,  9  (MCZ);  El  Valle  de 
Anton,    9    (UPMI).    VENEZUELA:    Est. 


Monagas.  Caripito,  9  (FSCA).  Aragua. 
Maracay,  9  (AMNH).  COLOMBIA:  Dept. 
Magdalena.  Sierra  Nevada  de  Santa  Mar- 
ta: San  Pedro  de  la  Sierra,  1,400  m,  9 
(MCZ),  San  Pedro,  1,100  m,  49  (JAK),  Ser- 
ra  Nueva  Granada,  1,700  m,  9  (JAK), 
Donachui,  29  (JAK).  Cesar.  Sierra  de  Peri- 
jo,  Socorpa  Mission,  1,500-1,600  m,  29 
(AMNH).  Antioquia.  Medellin,  9  (MCZ); 
La  Estrella,  2,100  m,  9  (MCZ).  Boyacd. 
Rio  Dpan,  850-950  m,  9  (AMNH).  Cun- 
dinamarca.  Bogota  (MCZ);  El  Colegio,  9 
(CAS).  Meta.  Villavicencio,  29  (AMNH, 
CAS).  Valle.  Lago  Cahma,  9  (MCZ);  Call, 
9  (CAS,  MCZ);  90  km  S  of  Cah,  1,700  m, 
9  (MCZ);  Pichinda,  1,700  m,  9,  <5  (MCZ); 
Yotoco,  2(3  (MCZ).  Cauca.  Piendamo,  9 
(MCZ);  Popayan,  9  (CAS).  Huila.  Inza, 
1,700  m,  29  (MCZ).  ECUADOR:  Imba- 
bura  Prov.  Paramba,  29  (BMNH).  Pichin- 
cha.  47  km  S  of  Sto.  Domingo,  9  (MCZ). 
Bolivar.  Balzapamba,  59  (AMNH),  119,  4 
imm.,  93  (AMNH),  700  m,  6,  2  imm. 
(AMNH).  PERU:  Dept.  San  Martin.  20 
km  SE  Moyobamba,  June  1947,  9 
(AMNH).  Amazonas.  Santa  Rosa,  Rio 
Chinchipe,  1,600  m,  July  1947,  9  (EPC). 
BRAZIL:  Est.  Para.  3°10'S,  47°30'W,  km 
305  Rodovia  Belem-Brasilia,  9  (MZSP). 
Minas  Gerais.  Viyosa,  29  (IBSP).  Sao  Pau- 
lo. Caraquatatuba,  9  (MZSP);  Ourinhos,  9 
(MZSP).  Santa  Catarina.  9  (E.  Reimoser, 
MCZ),  39  (NMW). 

Micrathena  macfarlanei  Chickering 
Figures  252-260;  Map  5 

Micrathena  macfarlanei  Chickering,  1961:  430,  figs. 

99-102,  9.  Female  holotype  from  Barro  Colorado 

Island,  Panama  (MCZ),  examined. 
Micrathena  melloleitaoi  Archer,  1971:  157,  fig.  6,  9. 

Female  holotype  from  Tingo  Maria,  Huanuco,  Peru 

(AMNH),  examined.  NEW  SYNONYMY. 

Description.  Female  from  Panama. 
Carapace  light  brown  with  darker  streaks. 
Sternum  black.  Coxae  and  distal  articles 
of  legs  light  brown.  Dorsum  of  abdomen 
white,  tips  of  spines  black;  sides  and  ven- 
ter with  black  marks.  Carapace  with  in- 
distinct light  rim  and  one  pair  of  shallow 
dimples  in  grooves  between  head  and  tho- 
rax. Thorax  very  high,  with  distinct  tho- 
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racic  mark  (Fig.  253).  Abdomen  with  five 
pairs  of  spines,  the  third  very  small,  the 
fourth  largest  (Figs.  252,  253).  Total 
length,  9.7  mm.  Carapace,  3.8  mm  long, 
3.0  mm  wide.  First  femur,  4.9  mm;  pa- 
tella and  tibia,  4.8  mm;  metatarsus,  3.7 
mm;  tarsus,  1.2  mm.  Second  patella  and 
tibia,  4.3  mm;  third,  2.4  mm.  Fourth  fe- 
mur, 6.2  mm;  patella  and  tibia,  5.2  mm; 
metatarsus,  4.1  mm;  tarsus,  1.3  mm. 

Male.  Carapace  orange,  sides  darker. 
Labium  and  endites  orange,  sternum  shiny 
black.  Coxae  light  orange,  distal  articles 
of  legs  orange.  Dorsum  of  abdomen  white 
and  black  (Fig.  258);  venter  with  median 
longitudinal  band  on  genital  area,  a  line 
of  indistinct  black  marks  on  each  side,  and 
black  mark  behind  spinnerets,  widest  pos- 
teriorly. First  coxa  with  hook.  Abdomen 
rounded  behind,  sides  almost  parallel  (Fig. 
258).  Total  length,  4.3  mm.  Carapace,  1.9 
mm  long,  1.5  mm  wide.  First  femur,  1.7 
mm;  patella  and  tibia,  1.6  mm;  metatar- 
sus, 1.2  mm;  tarsus,  0.6  mm.  Second  pa- 
tella and  tibia,  1.3  mm;  third,  0.7  mm. 
Fourth  femur,  1.9  mm;  patella  and  tibia, 
1.5  mm;  metatarsus,  1.2  mm;  tarsus,  0.6 


mm. 


Variation.  Females  vary  in  total  length 
from  8.2  to  10.6  mm.  The  small  third  pair 
of  spines  may  be  absent.  The  legs  of  fe- 
males from  Panama  are  longer  than  those 
of  females  from  Peru:  length  of  first  pa- 
tella-tibia in  those  from  Panama  is  1.6 
times  carapace  width;  in  those  from  Peru 
about  1.4  times  carapace  width.  Also,  Pe- 
ruvian specimens  appear  to  be  more  scler- 
otized.  They  have  some  additional  small 
sclerotized  disks  on  the  dorsum,  and  the 
light  area  on  the  posterior  of  the  epigy- 
num  is  smaller.  The  specimen  from  Boliv- 
ia has  longer  spines  and  the  epigynum  has 
a  longer  lobe. 

Note.  The  male  was  not  collected  with 
the  female,  but  came  from  an  area  where 
females  have  been  collected  (Huanuco 
Prov.,  Peru),  and  has  a  similar  black  ster- 
num. The  association  is  uncertain. 

Diagnosis.  Micrathena  macfarlanei  can 
be  separated  from  others  of  the  kirbyi 
group  by   having   eight   to   ten   pairs   of 


spines,  and  by  their  arrangement  (Figs. 
252,  253).  It  differs  from  M.  armigera  and 
M.  kirbyi  by  usually  having  a  light  patch 
on  the  posterior  of  the  epigynum  (Fig. 
256).  It  differs  from  M.  armigera  by  hav- 
ing endites,  labium  and  sternum  black,  by 
having  the  second  and  third  pairs  of  spines 
on  the  abdomen  shorter  (Figs.  252,  253), 
and  by  the  longer,  pointed  lobe  of  the 
epigynum  (Figs.  254,  255).  It  lacks  the  ab- 
dominal markings  of  M.  kirbyi.  The  black 
sternum  and  the  rugose,  pointed  base  of 
the  median  apophysis  of  the  palpus  (Figs. 
259,  260)  separate  the  male  from  related 
species. 

Distribution.  Panama  to  Bolivia  and 
southern  Brazil  (Map  5). 

Records.  PANAMA:  Panama  Prov. 
Barro  Colorado  Isl.,  canal  area,  July  1936, 
9,  June  1939,  2  imm.  (A.  M.  Chickering, 
MCZ).  PERU:  Dept.  Huanuco.  Tingo 
Maria,  8  Oct.  1946,  9  (J.  C.  Pallister, 
AMNH),  670  m,  Dec.  1946,  69,  1  imm. 
(W.  Weyrauch,  AMNH);  Cucharas,  Feb.- 
Apr.  1954,  29,  1  imm.  (F.  Woytkowski, 
EPC);  Aucayacu,  1  June  1967,  3  (A.  F. 
Archer,  AMNH).  BRAZIL:  Est.  Amazo- 
nas.  mouth  of  Rio  Embira  and  Rio  Jurua, 
1933,  9  (B.  A.  Krukoff,  AMNH).  Bahia. 
Uru9uca,  27  Nov.  1977,  9  (J.  S.  Santos, 
FZRS);  Camacari,  14  Oct.  1978,  9  (J.  S. 
Santo,  FZRS).  Rio  de  Janeiro.  Guitacazes, 
9  (M.  Rosa,  MNRJ).  Sao  Paulo.  Diadema 
(Eldorado),  12  May  1962,  <3  (F.  Lane, 
MZSP).  BOLIVIA:  Dept.  La  Paz.  Coroico, 
9  (E.  Reimoser,  MCZ). 

Micrathena  armigera  (C.  L.  Koch) 
Figures  261-265;  Map  5 

Acrosoma  armigera  C.  L.  Koch,  1838:  11,  fig.  257, 
2.  Female  specimen  from  Brazil,  from  the  collec- 
tion of  Jakob  Sturm,  probably  in  the  ZSM,  de- 
stroyed. 

Micrathena  armigera: — Roewer,  1942:  954.  Bonnet, 
1957:  2862  (not  Reimoser,  1917). 

Name.  Koch's  illustration  shows  a  car- 
apace perhaps  with  dimples,  not  present 
on  specimens  nor  in  Koch's  description. 

Description.  Female.  Carapace  orange, 
sides  of  thorax  dark  brown.  Sternum  dark 
orange,  coxae  orange,  legs  dark  orange. 
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Dorsum  of  abdomen  whitish  with  orange 
spines  and  orange  disks;  venter  with  scler- 
otized  areas  dark  orange.  Carapace  with 
rim  and  thoracic  depression;  no  dimples. 
Abdomen  with  ten  spines  (Fig.  262).  Total 
length,  11.0  mm.  Carapace,  3.6  mm  long, 
3.0  mm  wide.  First  femur,  4.2  mm;  pa- 
tella and  tibia,  4.2  mm;  metatarsus,  3.0 
mm;  tarsus,  1.2  mm.  Second  patella  and 
tibia,  3.7  mm;  third,  2.1  mm.  Fourth  fe- 
mur, 5.0  mm;  patella  and  tibia,  4.3  mm; 
metatarsus,  2.7  mm;  tarsus,  1.3  mm. 

Diagnosis.  Micrathena  armigera  dif- 
fers from  M.  kirbyi  by  its  orange  color- 
ation and  by  lacking  the  black  markings 
of  the  abdomen.  The  epigynum  differs  by 
having  the  transverse  bar  more  posterior 
(Fig.  263).  The  epigynum  differs  from  that 
of  M.  macfarlanei  by  having  a  tiny  lobe 
(Fig.  263)  with  a  transverse  ridge  behind, 
visible  in  posterior  view  (Fig.  264). 

Variation.  Females  vary  in  total  length 
from  10.5  to  12.2  mm. 

Note.  The  male  is  unknown. 

Distribution.  Amazon  area  (Map  5). 

Records.  GUYANA:  1913,  9  (Parrish, 
cue).  PERU:  Dept.  Loreto.  Iquitos,  9 
(MCZ).  BRAZIL:  Est.  Para.  Caninde, 
Feb.-May  1964,  29  (J.  Carvalho,  AMNH); 
km  305,  Rodovia  Belem-Brasilia,  3°10'S, 
47°30'W,  9  (E.  Dante,  MZSP). 

Micrathena  kirbyi  (Perty) 
Figures  266-270;  Map  5 

Acrosoma  kirbyi  Perty,  1833:  195,  pi.  38,  fig.  11. 
Female  holotype  from  Sebastianopolis  [Rio  de  Ja- 
neiro] (ZSM),  destroyed  in  the  last  war. 

Acrosoma  oblonga  Taczanowski,  1872:  275,  pi.  6,  fig. 
26,  9.  Female  holotype  from  Cayenne,  French 
Guiana  (PAN),  examined. 


Micrathena  oblonga: — Petrunkevitch,  1910:  213,  pi. 

21,  figs.  12,  13,  9. 
Micrathena  kirbyi: — Reimoser,  1917:  135,  pi.  9,  fig. 

26,  9.  Roewer,  1942:  959.  Bonnet,  1957:  2871. 

Description.  Female.  Carapace,  ster- 
num, legs  blackish  brown,  except  coxae 
and  femora,  orange.  Dorsum  of  abdomen 
boldly  marked  in  black  and  white  with 
transverse  black  marks;  sides  mostly  black 
with  some  white  marks  (Figs.  266,  267); 
venter  black  with  a  white  patch  each  side 
of  epigastric  area,  two  white  spots  on  each 
side  of  spinnerets,  and  a  median  white  spot 
behind  spinnerets.  Carapace  with  rim,  a 
round  thoracic  mark;  thorax  high  (Fig. 
267).  Sides  of  abdomen  almost  parallel, 
with  ten  spines  (Fig.  267).  Total  length, 
11.0  mm.  Carapace,  3.9  mm  long,  3.2  mm 
wide.  First  femur,  4.6  mm;  patella  and 
tibia,  4.7  mm;  metatarsus,  3.5  mm;  tarsus, 
1.0  mm.  Second  patella  and  tibia,  4.1  mm; 
third,  2.4  mm.  Fourth  femur,  6.3  mm;  pa- 
tella and  tibia,  5.1  mm;  metatarsus,  4.2 
mm;  tarsus,  1.3  mm. 

Variation.  Females  vary  in  total  length 
from  8.3  to  12.9  mm.  The  tiny  third  pair 
of  spines  of  the  abdomen  may  be  absent. 
The  T-shaped  tip  of  the  epigynum  is  more 
variable  in  shape  than  that  of  other  species. 

Note.  The  male  is  unknown.  Juvenile 
males  have  a  black  head,  a  black  patch  on 
each  side  of  the  carapace  and  on  each  side 
of  the  anterior  of  the  abdomen.  The  ster- 
num is  black,  coxae  light;  there  is  a  me- 
dian black  band  from  anterior  to  posterior 
on  the  abdomen.  The  abdomen  is  as  wide 
posteriorly  as  anteriorly,  slightly  convex 
on  each  side.  Total  length  is  4.5  mm. 

Diagnosis.  Micrathena  kirbyi  is  one  of 
the  largest  species  of  the  M.  kirbyi  group. 


Figures  252-260.  f^icrattiena  macfarlanei  Chickering.  252-257.  Female.  252.  Lateral.  253.  Dorsal.  254,  255.  Epigynum,  ven- 
tral. 256.  Epigynum,  posterior.  257.  Epigynum,  lateral.  254,  256,  257.  (Panama).  255.  (Bolivia).  258-260.  Male.  258.  Dorsal. 
259,  260.  Left  male  palpus,  mesal.  259.  (Peru).  260.  (Sao  Paulo,  Brazil). 

Figures  261  -265.  Micrattiena  armigera  (C.  L.  Koch),  female.  261 .  Lateral.  262.  Dorsal.  263.  Epigynum,  ventral.  264.  Epigynum, 
posterior.  265.  Epigynum,  lateral. 

Figures  266-270.  Micrathena  kirbyi  (Perty),  female.  266.  Lateral.  267.  Dorsal.  268.  Epigynum,  ventral.  269.  Epigynum,  pos- 
terior. 270.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  252,  253,  258,  261,  262,  266,  267,  1.0  mm. 
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It  differs  from  M.  miles  by  having  a  small 
pair  of  light  spines  overhanging  the  car- 
apace (Fig.  267).  It  differs  from  the  other 
eight-  to  ten-spined  species  by  the  bold 
markings  and  by  having  a  light  patch  on 
the  posterior  of  the  epigynum  dorsal  to 
the  lobe.  The  light  area  has  a  black  patch 
on  each  side  dorsally  (Fig.  269). 

Natural  History.  The  species  has  been 
collected  in  forest. 

Distribution.  Amazon  (Map  5). 

Records.  COLOMBIA;  Dept.  Meta. 
Villavicencio,  9  (AMNH).  Caqueta.  Rio 
Orteguaza,  49  (AMNH).  Amazonas.  Le- 
ticia,  9  (AMNH).  Vaupes.  Rio  Vaupes,  9 
(AMNH).  VENEZUELA:  Est.  Bolivar. 
Kavanayen,  9  (EMUC).  GUYANA:  Esse- 
quiho  Prov.  Rockstone,  9  (AMNH);  Kaie- 
teur,  9  (AMNH);  Kuyuwini  Land,  Kuyu- 
wini  River,  9  (AMNH).  Canister  Falls,  9 
(BMNH).  SURINAME:  Saramacca  Prov. 
Voltzberg-Raleighvallen  Nature  Reserve, 
9  (MCZ);  Coppename  Riv.,  29  (AMNH). 
Suriname.  Paramaribo,  9  (AMNH),  9 
(NMW).  Upper  Suriname  River,  9 
(BMNH).  PERU:  Dept.  Loreto.  upper  Rio 
Utoquinia,  9  (AMNH).  BRAZIL:  Est.  Para. 
Belem,  129,  9  imm.  (ZMSP,  CAS,  MEG, 
MCZ);  Caninde,  179  (AMNH);  50  km  E 
of  Caninde,  29  (AMNH);  Rio  Gurupi,  29 
(MZSP);  Cachoeira,  imm.  (IBSP).  Ama- 
zonas. mouth  of  Rio  Embira,  Rio  Jurua,  9 
(MCZ);  Manaus,  9  (INPA),  9  (FAM);  Utin- 
ga,  9  (MZSP).  Acre.  Rio  Alto  Purus,  W. 
Sena  Madureira,  29  (MCZ).  Rondonia.  Vila 
Murtinho,  59  (MCZ),  29  (MCZ).  Mato 
Grosso.  Aripuana,  9  (MCZ);  Chapada  dos 
Guimaraes,  9  (AMNH);  Reserva  Hum- 
boldt, 9  (INPA). 


Micrathena  lindenbergi  Mello-Leitao 
Figures  271-275;  Map  5 

Micrathena  lindenbergi  Mello-Leitao,  1940:  208. 
Female  holotype  from  Colatina  [Est.  Espirito  San- 
to, Brazil]  (no.  55553  MNRJ),  lost. 

?  Micrathena  parallela  Mello-Leitao,  1940:  209.  Male 
holotype  from  Colatina,  Santo  Espirito  (no.  58346, 
MNRJ),  lost.  Name  preoccupied  by  M.  parallela 
(O.  P.-Cambridge).  DOUBTFUL  NEW  SYNON- 
YMY. 

?  Micrathena  sanctispiritus  Brignoli,  1983:  249.  New 
name  for  M.  parallela  Mello-Leitao,  name  preoc- 
cupied. DOUBTFUL  NEW  SYNONYMY. 

Synonymy.  Six  females  from  Goitacaz- 
es  in  the  Museu  Nacional,  Rio  de  Janeiro 
had  been  labeled  by  Mello-Leitao  as  being 
this  species. 

Mello-Leitao  did  not  illustrate  M.  par- 
allela. The  name  was  applied  to  a  large 
male,  6.5  mm  total  length,  having  the  ab- 
domen three  times  as  long  as  wide.  It  came 
from  the  same  locality  as  M.  lindenbergi 
and  may  have  been  collected  with  it. 

Description.  Female.  Carapace  dark 
brown  with  some  light  orange  postero- 
medially.  Sternum  orange.  Coxae  orange 
with  some  black  spots.  Legs  brown.  Dor- 
sum of  abdomen  black  and  white;  sides 
black;  venter  orange  in  middle,  black  on 
each  side;  some  white  pigment  behind  on 
each  side  of  spinnerets.  Carapace  with 
three  pairs  of  dimples,  a  distinct  thoracic 
depression,  narrow  rim  and  high  thorax 
(Figs.  271,  272).  Abdomen  with  ten  spines; 
abdomen  length  more  than  twice  width. 
Total  length,  9.6  mm.  Carapace,  3.0  mm 
long,  2.4  mm  wide.  First  femur,  3.3  mm; 
patella  and  tibia,  3.4  mm;  metatarsus,  2.2 
mm;  tarsus,  1.2  mm.  Second  patella  and 
tibia,  2.6  mm;  third,  1.7  mm.  Fourth  fe- 


Figures  271-275.    Micrathena  //ndenberg/ Mello-Leitao,  female.  271.  Lateral.  272.  Dorsal.  273.  Epigynum,  ventral.  274.  Epig- 
ynum, posterior.  275.  Epigynum,  lateral. 

Figures  276-282.     Micrathena  stuebeli  (Karsch).  276-280.  Female.  276.  Lateral.  277.  Dorsal.  278.  Epigynum,  ventral.  279. 
Epigynum,  posterior.  280  Epigynum  lateral.  281,  282.  Male.  281.  Dorsal.  282.  Left  palpus,  mesal. 

Figures  283-289.     Micrathena  guanabara  n.  sp.  283-287.  Female.  283.  Lateral.  284.  Dorsal.  285.  Epigynum,  ventral.  286. 
Epigynum,  posterior.  287.  Epigynum,  lateral.  288,  289.  Male.  288.  Dorsal.  289.  Male  palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  271,  272,  276,  277,  281,  283,  284,  288,  1.0  mm. 
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mur,  4.2  mm;  patella  and  tibia,  3.3  mm; 
metatarsus,  2.4  mm;  tarsus,  1.0  mm. 

Diagnosis.  Micrathena  lindenbergi  dif- 
fers from  M.  agriliformis  and  M.  pupa  by 
the  anterior  spines  on  the  abdomen  (Figs. 
271,  272).  It  differs  from  M.  guanabara 
by  the  worm-shaped,  posteriorly  con- 
stricted abdomen  (Fig.  272). 

Distribution.  Eastern  Brazil  (Map  5). 

Records.  BRAZIL:  Est.  Bahia.  Cama- 
cari,  14  Oct.  1978,  9  (J.  S.  Santos,  FZRS). 
Espirito  Santo.  Rio  Sao  Jose,  Sept.  1942, 
49  (H.  Soares,  MZSP).  Rio  de  Janeiro. 
Goitacazes,  69  (M.  Rosa,  MNRJ).  Minas 
Gerais.  Rio  Matipoo,  Sept.  1919,  9  (P. 
Fonseca,  MZSP).  Parana.  Engenheiro 
Lange,  April  1946,  9  (MZSP). 

Micrathena  stuebeli  (Karsch) 
Figures  276-282;  Map  5 

Acrosoma  stiibeli  Karsch,  1886:  340.  Female  holo- 
type  from  Bogota,  Colombia  (ZMB),  examined. 

Micrathena  spathulifera  Simon,  1895:  852,  fig.  912, 
9.  Female  from  Loja,  Ecuador  (no.  7831,  MNHN), 
examined.  First  synonymized  by  Reimoser,  1917. 

Micrathena  stiibeli: — Reimoser,  1917:  118,  pi.  6,  fig. 
17,  9.  Roewer,  1942:  964. 

Micrathena  stuebeli: — Bonnet,  1957:  2879. 

Type.  The  holotype  of  M.  stuebeli  has 
been  pinned  through  the  anterior  part  of 
the  abdomen.  It  had  been  placed  in  al- 
cohol before  loaning,  but  is  in  poor  con- 
dition, almost  devoid  of  color. 

Description.  Female.  Carapace,  ster- 
num dark  brown.  Legs  dark  brown,  ex- 
cept for  light  coxae  and  proximal  ends  of 
femora.  Abdomen  white  in  middle  of  dor- 
sum; black  patches  on  sides;  posterior 
sclerotized  area  dark  brown;  venter  black. 
Sides  of  abdomen  with  some  white  patches 
on  underside  of  folds.  Carapace  with  very 
high  thorax  and  a  deep  transverse  groove 
(Fig.  276).  Abdomen  wider  than  long,  with 
12  spines,  the  fourth  and  fifth  form  a  dou- 
ble spine,  the  anterior  of  which  has  a  pos- 
terior lobe.  Entire  posterodorsal  region  of 
abdomen  sclerotized  (Figs.  276,  277).  To- 
tal length,  8.8  mm.  Carapace,  3.2  mm 
long,  2.7  mm  wide.  First  femur,  3.1  mm; 
patella  and  tibia,  3.2  mm;  metatarsus,  2.0 
mm;  tarsus,  0.9  mm.  Second  patella  and 


tibia,  2.9  mm;  third,  1.7  mm.  Fourth  fe- 
mur, 3.4  mm;  patella  and  tibia,  2.9  mm; 
metatarsus,  2.0  mm;  tarsus,  0.9  mm. 

Male.  Carapace  dark  brown;  sternum 
light  brown.  Legs  brown,  first  two  femora 
darkest.  Dorsum  of  abdomen  brown  with 
white  pigment  spots  along  sides  and  a  pair 
in  middle;  venter  black.  Carapace  slightly 
rugose  with  distinct  thoracic  depression; 
no  dimples.  First  coxa  with  hook;  second 
femur  with  groove.  Sides  of  abdomen  al- 
most parallel,  widest  in  middle;  posterior 
edge  with  three  folds  (Fig.  281).  Total 
length,  5.2  mm.  Carapace,  2.3  mm  long, 
1.5  mm  wide.  First  femur,  1.8  mm;  pa- 
tella and  tibia,  1.8  mm;  metatarsus,  1.1 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  1.6  mm;  third,  0.9  mm.  Fourth  fe- 
mur, 1.9  mm;  patella  and  tibia,  1.6  mm; 
metatarsus,  1.2  mm. 

Variation.  Females  vary  in  total  length 
from  7.1  to  8.9  mm.  The  smallest  speci- 
men from  Zamora  had  only  the  spines  on 
the  posterior  of  the  abdomen  sclerotized. 
The  female  from  Ambato  had  lobes  be- 
hind each  one  of  the  four  lateral  spines. 

Note.  The  male  has  not  been  collected 
with  the  female,  but  was  collected  in  an 
area  where  females  have  been  found.  The 
palpus  is  slightly  expanded  and  transpar- 
ent. The  cymbium  has  been  drawn  in,  for 
ease  of  comparison,  as  if  the  palp  were 
contracted. 

Diagnosis.  Micrathena  stuebeli  female 
differs  from  M.  digitata  found  in  Brazil 
by  having  a  pair  of  anterior  spines  over- 
hanging the  carapace  (Figs.  276,  277),  and 
by  the  posterior  aspect  of  the  epigynum 
(Fig.  279).  It  differs  from  others  by  the 
wide  abdomen  having  a  lobed  spine  (Fig. 
277). 

The  male  differs  from  others  by  having 
the  distal  margin  of  the  median  apophysis 
changed  into  a  spine  (Fig.  282). 

Distribution.  Colombia  and  Ecuador 
(Map  5). 

Records.  ECUADOR:  Prov.  Pichincha. 
Sierra  Inca,  29  (NMW).  Napo.  Rio  Hollin, 
600  m,  Jan.  1985,  9  (G.  Moreion,  MECN). 
Tungurahua.  Ambato,  29  (AMNH);  Tun- 
gurahua,  2,600  m,  6  May   1979,  6   (W. 
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Clarke-Maclntyre,  AMNH).  Morona  San- 
tiago, nr.  General  Plaza  (Limon),  1977,  9 
(N.  Engler,  MCZ).  Loja.  Zamora,  1,800- 
2,200  m,  28  Oct.  1977,  9  (L.  Pena, 
AMNH). 

Micrathena  guanabara  new  species 
Figures  283-289;  Map  5 

Holotype.  Female  and  male  paratype  from  Rio  de 
Janeiro,  Brazil,  29  Jan.  1945  (P.  Wygodzinsky,  no. 
7932,  MZSP).  The  specific  name  is  a  noun  in  ap- 
position after  Guanabara  Bay. 

Description.  Female.  Carapace  dark 
brown  and  black  with  dark  color  empha- 
sizing sculpturing,  lightest  in  areas  be- 
tween dimples.  Sternum  orange.  Coxae 
lighter  orange;  distal  articles  of  legs  or- 
ange-brown. Dorsum  of  abdomen  white 
with  black  spines,  except  for  large  pos- 
terolateral spines,  which  are  black  distally; 
sclerotized  spots  orange-brown;  venter 
whitish,  with  book-lung  covers  and  ring 
around  spinnerets  black;  white  patches  on 
sides.  Carapace  with  distinct  rim  and  me- 
dian thoracic  depression,  and  three  pairs 
of  very  large  dimples  in  grooves.  Posterior 
median  eyes  slightly  larger  than  others, 
which  are  subequal.  Abdomen  longer  than 
wide,  with  ten  spines:  first  pair  overhang- 
ing carapace;  third  pair,  posterolaterals, 
largest  (Figs.  283,  284).  Total  length,  8.3 
mm.  Carapace,  3.2  mm  long,  2.4  mm 
wide.  First  femur,  3.4  mm;  patella  and 
tibia,  3.6  mm;  metatarsus,  2.5  mm;  tarsus, 
1.1  mm.  Second  patella  and  tibia,  3.1  mm; 
third,  2.0  mm.  Fourth  femur,  4.3  mm;  pa- 
tella and  tibia,  3.5  mm;  metatarsus,  2.9 
mm;  tarsus,  1.1  mm. 

Male.  Carapace  black  with  two  orange 
patches,  a  transverse  one  in  front  of  tho- 
racic depression,  and  a  longitudinal  one 
behind.  Chelicerae  black,  sternum  or- 
ange. Legs  dusky  orange.  Dorsum  of  ab- 
domen with  white  pigment  on  sides  and 
gray  pigment  (Fig.  288);  venter  orange 
between  black  book-lung  covers,  orange 
behind  and  black  on  sides;  black  behind 
spinnerets  with  orange  sides.  Carapace 
with  very  distinct  dimples  and  thoracic 
depression.  Posterior  median  eyes  1.3  di- 


ameters of  anteriors;  laterals  0.8  diameters 
of  anterior  median  eyes.  Coxal  hook  pres- 
ent. First  patella  and  tibia  with  macrose- 
tae.  Abdomen  rectangular,  longer  than 
wide  (Fig.  288).  Total  length,  6.6  mm. 
Carapace,  2.4  mm  long,  1.7  mm  wide. 
First  femur,  2.2  mm;  patella  and  tibia,  2.2 
mm;  metatarsus,  1.4  mm;  tarsus,  0.7  mm. 
Second  patella  and  tibia.  1.8  mm;  third, 
1.1  mm.  Fourth  femur,  2.7  mm;  patella 
and  tibia,  2.2  mm;  metatarsus,  1.7  mm; 
tarsus,  0.7  mm. 

Variation.  Females  vary  in  total  length 
from  8.0  to  9.0  mm,  males  from  6.0  to  6.6 
mm.  The  width  and  length  of  the  lobe  of 
the  epigynum  is  slightly  variable. 

Notes.  The  holotype  was  collected  with 
a  male;  the  coloration  indicates  that  they 
belong  together. 

There  is  a  specimen  of  this  species  from 
Brazil  in  the  Berlin  Museum,  originally 
pinned,  which  is  marked  "M.  crassispi- 
na." 

Diagnosis.  This  species  differs  from  M. 
crassispina  in  having  an  additional  pair  of 
spines  on  the  posterior  slope  of  the  abdo- 
men (Figs.  283,  284).  The  large  dimples 
and  grooves  of  the  carapace  separate  this 
species  from  others  of  this  species  group. 
The  male  differs  from  M.  lindenhergi  by 
having  a  long,  rectangular  abdomen,  and 
by  the  distinctly  shaped  conductor  (Fig. 
289). 

Distribution.  State  of  Rio  de  Janeiro, 
Brazil  (Map  5). 

Paratypes.  BRAZIL:  Est.  Rio  de  Janei- 
ro. Ilha  Grande,  4  Sept.  1944,  9  (H.  Sick, 
AMNH);  Sumare,  Feb.  1946,  9  (H.  Sick, 
AMNH);  Jacarepagua,  29  (MNRJ);  Nite- 
roi,  9  (MNRJ);  Rio  de  Janeiro,  26  May 
1979,  29,  S  (C.  J.  Becker,  FZRS),  9  (ZMK). 

Micrathena  duodecimspinosa  (O.  P. -Cam- 
bridge) 
Figures  290-303;  Map  6 

Acrosoma  12-spinosum  O.  P.-Cambridge,  1890:  63, 
pi.  8,  fig.  12,  9.  Female  holotype  and  14  paratypes 
from  Bugaba,  Panama  (BMNH),  examined.  Key- 
serling,  1892:  18,  pi.  1,  fig.  14,  F.  P.-Cambridge, 
1904:  535,  pi.  5,  fig.  18,  S. 

Micrathena  duodecimspinosa: — Reimoser,  1917:  108, 
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pi.  5,  fig.  12,  2.  Roewer,  1942:  957.  Bonnet,  1957: 
2866.  Chickering,  1961:  408,  figs.  41-45,  2  (not 
male). 

Micrathena  subspinosa  F.  P. -Cambridge,  1904:  535, 
pi.  51,  fig.  17,  2.  Female  holotype  from  Ayutla, 
Guatemala  (BMNH),  examined.  Reimoser,  1917: 
115.  Roewer,  1942:  964.  Bonnet,  1957:  2880. 
Chickering,  1961:  463,  figs.  194-197.  NEW  SYN- 
ONYMY. 

Micrathena  disjuncta  Chickering,  1961:  403,  figs. 
26-30,  S.  Male  holotype  from  Barro  Colorado  Is- 
land, Panama  (MCZ),  examined.  NEW  SYNON- 
YMY. 

Micrathena  macilenta  Chickering,  1961:  432,  figs. 
103-109,  (?.  Male  holotype  from  Barro  Colorado 
Island,  Panama  (MCZ)',  examined.  NEW  SYN- 
ONYMY. 

Synonymy .  The  epigynum  of  the  ho- 
lotype of  A.  duodecimspinosum  is  weakly 
sclerotized,  either  just  before  or  just  after 
the  last  molt.  It  has  not  been  illustrated 
here;  the  dorsum  of  the  female  has  (Fig. 
294). 

Chickering  was  not  certain  that  M.  sub- 
spinosa was  a  separate  species  from  M. 
duodecimspinosa.  I  believe  they  are  the 
same,  despite  the  drawn-out,  triple  pos- 
terolateral spines  and  the  posteriormost 
spine  being  farther  from  the  other  two 
spines  (Fig.  295). 

Micrathena  disjuncta  and  M.  macilen- 
ta are  the  male  of  M.  duodecimspinosa. 
Chickering  illustrated  and  perhaps  ex- 
amined the  two  males  from  slightly  dif- 
ferent angles.  Also,  the  type  of  M.  dis- 
juncta has  just  molted  and  is  not 
sclerotized;  the  abdomen  is  shorter  and 
wider  than  the  sclerotized  type  of  M.  ma- 
cilenta. Chickering  thought  that  males  he 
had  collected  in  Boquete,  Chiriqui  Moun- 
tains belonged  to  M.  duodecimspinosa. 
They  are  not  this  species,  since  no  females 
have  been  collected  in  the  mountains;  they 
are  M.  lucasi. 

Description.  Female.  Carapace  orange, 
brown  on  each  side  of  thorax.  Sternum, 


legs  brown.  Dorsum  of  abdomen  white  in 
center,  blackish  on  each  side;  anterior, 
posterior  spines  orange;  venter  dark  brown 
with  paired  white  spots,  a  large  white 
patch  on  each  side  of  spinnerets  and  white 
median  band  from  behind  spinnerets  up 
posterior.  Carapace  with  dimples  and  high 
thorax  (Figs.  290-295).  Total  length,  6.2 
mm.  Carapace,  2.2  mm  long,  1.9  mm 
wide.  First  femur,  2.3  mm;  patella  and 
tibia,  2.4  mm;  metatarsus,  1.3  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  2.2  mm; 
third,  1.3  mm.  Fourth  femur,  2.6  mm;  pa- 
tella and  tibia,  2.0  mm;  metatarsus,  1.5 
mm;  tarsus,  0.6  mm. 

Male  holotype  of  M.  disjuncta.  Cara- 
pace yellow-white,  black  on  each  side. 
Sternum,  legs  yellow-white.  Dorsum  of 
abdomen  white  with  black  marks;  sides 
black,  venter  gray.  Carapace  with  tho- 
racic mark.  First  and  second  legs  have 
macrosetae.  First  coxa  with  hook,  second 
femur  with  groove.  Abdomen  almost  rect- 
angular, very  slightly  lobed  on  sides  (Fig. 
302).  Total  length,  3.8  mm.  Carapace,  1.7 
mm  long,  1.2  mm  wide.  First  femur,  1.6 
mm;  patella  and  tibia,  1.6  mm;  metatar- 
sus, 1.0  mm;  tarsus,  0.4  mm.  Second  pa- 
tella and  tibia,  1.2  mm;  third,  0.7  mm. 
Fourth  femur,  1.7  mm;  patella  and  tibia, 
1.2  mm;  metatarsus,  0.9  mm;  tarsus,  0.4 
mm. 

Variation.  Females  vary  in  total  length 
from  4.9  to  7.6  mm.  The  carapace  of  fe- 
males has  one  to  three  pairs  of  dimples. 
The  abdomen  always  has  12  spines  (one 
pair  overhanging  carapace,  two  pairs  on 
sides,  and  three  with  a  joint  socket  pos- 
terolaterally),  but  is  quite  variable  in  out- 
line (Figs.  290-295).  The  transverse  bar 
of  the  epigynum  may  lack  a  posterior  me- 
dian lobe;  it  may  be  broken  off  (Figs.  297, 
299,  301). 

Note.  Males  and  females  have  been  col- 


Figures  290-303.  Micrathena  duodecimspinosa  (0.  P. -Cambridge).  290-301.  Female.  290,  291.  Lateral.  292-295.  Dorsal. 
290,  292.  (Barro  Colorado  Island,  Panama).  291,  293.  (Osa  Peninsula,  Costa  Rica).  294.  (Bugaba,  Panama).  295.  (Guatemala). 
296,  297.  Epigynum,  ventral.  298.  299.  Epigynum,  posterior.  300,  301.  Epigynum,  lateral.  296,  298,  300.  With  lobe.  297,  299, 
301 .  Lobe  torn  off.  302,  303.  Male.  302.  Dorsal.  303.  Left  palpus,  mesal. 
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Figures  304-31 0.     Micrathena  parallela  (O.  P. -Cambridge).  304-308.  Female.  304.  Lateral.  305.  Dorsal.  306.  Epigynum,  ventral. 
307.  Epigynum,  posterior.  308.  Epigynum,  lateral.  309,  310.  Male.  309.  Dorsal.  310.  Palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  290-295,  302,  304,  305,  309,  1.0  mm. 


508         Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  8 


lected  together  on  Barro  Colorado  Island, 
Panama  canal  area,  and  a  male  was  found 
in  Bugaba,  the  type  locality  of  M.  duo- 
decimspinosa.  The  male  is  similar  to  the 
one  of  M.  plana,  a  related  species. 

Diagnosis.  This  species  is  very  similar 
to  M.  plana,  but  apparently  differs  by  al- 
ways having  anterior  edge  of  the  trans- 
verse bar  of  the  epigynum  concave  (Fig. 
296,  297).  The  male  differs  by  having  a 
radix  with  an  upper  lobe  (on  cymbial 
margin  left  of  center  in  Fig.  303). 

Distribution.  Guatemala  to  southern 
Colombia  (Map  6). 

Records.  COSTA  RICA:  San  Jose  Prov. 
San  Jose,  2  (M.  Valerio,  MCZ);  La  Caja, 
San  Jose,  1930,  9  (Schmidt,  NMW).  Punta- 
renas.  4  km  SW  Rincon,  March  1967,  9; 
2.5  km  SW  Rincon,  March  1967,  9  (OTS 
course,  MCZ);  Rio  Jesus  Maria,  59  (Biol- 
ley,  Tristan,  MCZ).  PANAMA:  Bocas  de 
Toro  Prov.  Bugaba,  S  (Champion, 
BMNH).  Panama.  Barro  Colorado  Island, 
Gatun  Lake,  many  collections,  9,  6 
(AMNH,  MCZ,  MZSP);  France  Field,  Ca- 
nal area,  Aug.  1938,  9  (A.M.  Chickering, 
MCZ).  COLOMBIA:  Dept.  Narino.  Bar- 
bacoas,  20  m,  20  March  1974,  9  (W.  Eber- 
hard,  MCZ). 

Micrathena  parallela  (O.  P.-Cambridge) 
Figures  304-310;  Map  6 

Acrosoma  parallela  O.  P.-Cambridge,  1890:  60,  pi. 
8,  fig.  15,  $.  Male  lectotype,  two  male  paralecto- 
types  (and  parts  of  a  male  paralectotype  which  is 
M.  duodecimspinosa)  from  Bugaba,  Panama 
(BMNH),  examined.  Keyserhng,  1892:  6,  pi.  1,  fig. 
12,  $. 

Micrathena  parallela: — F.  P.-Cambridge,  1904:  533, 
pi.  50,  fig.  13,  6.  Roewer,  1942:  960.  Bonnet,  1957: 
2873.  Chickering,  1961:  443,  figs.  133-137,  $. 

Micrathena  serrata  F.  P.-Cambridge,  1904:  534,  pi. 
50,  fig.  19,  2.  Seventeen  female  syntypes  from  Vol- 
can  de  Chiriqui,  Panama  (BMNH),  examined.  Rei- 
moser,  1917:  114.  Roewer,  1942:  963.  Bonnet,  1957: 
2877.  Chickering,  1961:  455,  figs.  169-173,  9.  NEW 
SYNONYMY. 

Synonymy.  Micrathena  serrata  is  the 
female  of  M.  parallela. 

Description.  Female  from  Panama. 
Carapace  orange,  gray  on  sides.  Sternum 


orange-brown.  Legs  brown.  Dorsum  of 
abdomen  white,  with  a  dark  band  on  each 
side  (Fig.  305);  spines  orange-brown;  sides 
of  abdomen  dark  with  dorsoventral  rows 
of  white  patches;  venter  dark.  Carapace 
with  high  thorax  and  narrow  rim,  three 
pairs  of  small  dimples  and  a  median  tho- 
racic mark  (Figs.  304,  305).  Total  length, 

7.4  mm.  Carapace,  2.4  mm  long,  2.2  mm 
wide.  First  femur,  2.4  mm;  patella  and 
tibia,  2.6  mm;  metatarsus,  1.6  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  2.3  mm; 
third,  1.4  mm.  Fourth  femur,  2.7  mm;  pa- 
tella and  tibia,  2.2  mm;  metatarsus,  1.7 
mm;  tarsus,  0.6  mm. 

Male  from  Panama.  Carapace  dark 
dusky  orange,  sides  slightly  darker.  Ster- 
num dark  orange,  legs  dusky  orange.  Dor- 
sum of  abdomen  whitish  orange  with  five 
gray  patches,  four  anterolateral  and  one 
posteromedian,  all  with  indistinct  outline; 
venter  blackish.  Sides  of  thorax  slightly 
rugose,  with  a  distinct  round  thoracic 
depression  and  indistinct  tubercles.  A  hook 
on  first  coxa,  a  groove  on  second  femur. 
Sides  of  abdomen  nearly  parallel,  with  two 
folds  on  posterior  margin  (Fig.  309).  Total 
length,  5.2  mm.  Carapace,  1.9  mm  long, 

1.5  mm  wide.  First  femur,  1.7  mm;  pa- 
tella and  tibia,  1.7  mm;  metatarsus,  1.1 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.4  mm;  third,  0.9  mm.  Fourth  fe- 
mur, 1.8  mm;  patella  and  tibia,  1.4  mm; 
metatarsus,  1.1  mm. 

Variation.  Females  vary  in  total  length 
from  6.2  to  8.0  mm.  The  dimples  on  the 
female  carapace  may  be  indistinct.  Some- 
times there  is  an  additional  pair  of  spines 
between  the  second  and  third  pair  on  the 
abdomen,  giving  the  abdomen  16  spines. 
The  spines  on  the  posterior  of  the  abdo- 
men are  usually  minute. 

Note.  Four  males  were  collected  with 
an  equal  number  of  females  by  W.  J. 
Gertsch  at  Volcan,  Panama. 

Diagnosis.  This  species  has  a  distinct 
epigynum:  the  anterior  margin  of  the 
transverse  bar  surrounds  and  frames  the 
sides  (Fig.  306).  In  posterior  view  there  is 
a  median  dark  septum  with  a  semicircular 
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lateral  groove  on  each  side  (Fig.  307). 
There  are  usually  three  teeth  on  the  sides 
of  the  abdomen:  a  posterolateral  double 
spine  and  a  minute  spine  toward  the  mid- 
dle on  the  posterior.  The  outline  of  the 
tegulum  of  the  male  palpus,  with  a  lobe 
distallv  on  the  venter,  is  diagnostic  (Fig. 
310).  ' 

Distribution.  Mountains  of  Costa  Rica 
and  Panama  (Map  6). 

Records.  COSTA  RICA:  San  Jose  Prov. 
La  Verbena,  29  (Tristan,  MCZ);  San  An- 
tonio de  Escazu,  1,350  m,  Oct.  1980,  $  (W. 
Eberhard,  MCZ).  Puntarenas.  Monte- 
verde  Forest  Reserve,  1,580  m,  22  Nov. 
1977,  2  (C.  L.  Craig,  MCZ),  2  (C.  W. 
Palmer,  AMNH).  PANAMA:  Chiriqui 
Prov.  Volcan,  Aug.  1950,  99  (A.  M.  Chick- 
ering,  MCZ),  Feb.  1936,  49,  43,  13  imm. 
(W.  J.  Gertsch,  AMNH);  Cerro  Punta,  June 
1962,  29  (R.  Zweifel,  AMNH). 

Micrathena  plana  (C.  L.  Koch) 
Figures  311-325;  Map  6 

Acrosoma  planum  C.  L.  Koch,  1836:  81,  fig.  228,  S. 

Female  holotype  from  Brazil  (ZSM),  destroyed  in 

the  last  war. 
?  Plectana  alata  Walckenaer,  1841:  193.  Female  from 

Santa  Catarina,   Brazil,   lost.   NEW  DOUBTFUL 

SYNONYMY. 
Acrosoma  maronica  Taczanowski,  1873:  272,  pi.  6, 

fig.  24,  9.  Two  female  syntypes  from  Saint  Laurent 

de    Maroni,    French    Guyana    (PAN),    examined. 

NEW  SYNONYMY. 
Micrathena    puhescens: — Simon,    1895:    854.    Male 

paralectotype,  not  female  lectotype. 
Micrathena  maronica: — Reimoser,  1917:  106.  Roew- 

er,  1942:  960.  Bonnet,  1957:  2871. 
Micrathena  plana: — Reimoser,   1917:   109.  Roewer, 

1942:  961.  Bonnet,  1957:  2874. 
Micrathena  nitida  Chickering,  1964:  272,  figs.  51- 

56,  (5.  Male  holotype  from  near  Port  of  Spain,  Trin- 
idad,   Lesser    Antilles    (MCZ),    examined.    NEW 

SYNONYMY. 

Synonymy.  Taczanowski  named  the 
species  A.  maronica,  and  Chickering  de- 
scribed the  male  as  M.  nitida.  Plectana 
alata  Walckenaer  might  be  this  species;  it 
has  two  posterior  lobes  and  twelve  spines. 

Description.  Female.  Carapace,  legs  ol- 
ive brown.  Sternum  dark  brown.  Dorsum 
of  abdomen  white  with  gray  band  on  each 


side;  sides  and  venter  dark  with  pairs  of 
white  patches.  Carapace  with  an  indis- 
tinct pair  of  dimples,  a  thoracic  mark  and 
high  thorax;  lacking  rim.  Abdomen  with 
two  anterior  spines,  two  thorns  on  each 
side  of  dorsum  with  a  swelling  in  between, 
and  a  posterolateral  spine  with  three  tips, 
the  middle  one  largest  (Figs.  311-314). 
Total  length,  5.5  mm.  Carapace,  2.2  mm 
long,  1.8  mm  wide.  First  femur,  2.2  mm; 
patella  and  tibia,  2.2  mm;  metatarsus,  1.3 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  1.9  mm;  third,  1.2  mm.  Fourth  fe- 
mur, 2.4  mm;  patella  and  tibia,  1.9  mm; 
metatarsus,  1.4  mm;  tarsus,  0.6  mm. 

Male.  Color  like  female.  Carapace  with 
median  thoracic  mark;  without  rim  or 
dimples.  First  coxa  with  small  lateral  hook; 
groove  on  second  femur.  First  and  second 
legs  with  macrosetae.  Abdomen  longer 
than  wide,  narrowing  posteriorly,  with 
small  fold  below  each  posterior  lateral  tip 
(Fig.  324).  Total  length,  4.5  mm.  Cara- 
pace, 1.7  mm  long,  1.4  mm  wide.  First 
femur,  1.4  mm;  patella  and  tibia,  1.3  mm; 
metatarsus,  0.8  mm;  tarsus,  0.4  mm.  Sec- 
ond patella  and  tibia,  1.0  mm;  third,  0.7 
mm.  Fourth  femur,  1.5  mm;  patella  and 
tibia,  1.2  mm;  metatarsus,  0.9  mm;  tarsus, 
0.5  mm. 

Variation.  Females  vary  in  total  length 
from  4.3  to  6.1  mm,  males  from  3.8  to  5.4 
mm.  Some  females  have  a  minute  pair  of 
teeth  on  the  posterior  face  of  the  abdo- 
men; some  have  minute  denticles  in  front 
of  the  first  lateral  spines.  A  single  speci- 
men from  the  Virgin  Islands  had  an  al- 
most flat,  sclerotized  plate  in  place  of  the 
lateral  spines.  Some  females  and  a  male 
from  Venezuela  have  the  dorsum  of  the 
abdomen  all  black.  In  some  females  the 
convex  anterior  edge  of  the  transverse  bar 
of  the  epigynum  has  disappeared  (Fig. 
317).  In  some  the  transverse  bar  has  a  lobe 
(Fig.  315);  in  others  it  has  almost  disap- 
peared. Some  females  might  belong  to 
other  similar,  related  species.  Also,  the  fe- 
males which  have  some  characteristics  of 
M.  triangularis  (see  below)  suggest  that 
the  species  hybridize. 
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Note.  Males  and  females  have  been  col- 
lected together  in  Colombia,  Venezuela, 
Ecuador,  and  Brazil. 

Diagnosis.  The  female  differs  from  M. 
triangularis  and  other  species  with  12  to 
16  (rare)  spines  by  having  a  convex  ante- 
rior edge  on  the  swollen  transverse  bar, 
and  by  its  diminished  (or  absent)  posterior 
lobe  (Figs.  315-317).  Females  differ  from 
M.  triangularis  by  the  abdomen  usually 
having  only  two  spines  on  the  sides,  sep- 
arated by  a  lobe  (Fig.  312).  The  related 
M.  duodecimspinosa  has  the  anterior 
margin  of  the  transverse  bar  concave.  The 
narrowed  posterior  of  the  male  abdomen 
(Fig.  324)  is  diagnostic,  as  is  the  curved 
embolus  visible  above  the  terminal  apoph- 
ysis (Fig.  325).  The  terminal  apophysis  has 
an  appendage  which  hangs  over  the  con- 
ductor (Fig.  325). 

Natural  History.  The  species  has  been 
found  in  gallery  forest  in  Mato  Grosso  and 
is  found  at  low  elevations. 

Distribution.  Panama,  Virgin  islands, 
Trinidad,  Colombia  to  Argentina  (Map  6). 

Records.  PANAMA:  Chiriqui  Prov.  Da- 
vid, Dec.  1946,  S  (N.  L.  H.  Krauss, 
AMNH).  VIRGIN  ISLANDS:  St.  John. 
Bordeaux  Mtn.,  17  Dec.  1965,  9  (Isl.  Proj- 
ect staff,  AMNH).  TRINIDAD:  common, 
9,  S  (AMNH,  MCZ).  VENEZUELA:  Est. 
Delta- Amacuro.  Rio  Orinoco  delta,  2 
(MCZ).  Monagas.  Caripito,  9  (AMNH). 
Miranda.  Maracay,  29  (MCZ).  Carabobo. 
San  Esteban,  99,  SS  (CUC).  GUYANA: 
Essequibo  Co.  nr.  Tacuto,  29  (AMNH); 
Isherton,  9  (AMNH).  SURINAME:  Suri- 
nameProu.  Paramaribo, 5  (AMNH).  Maro- 
wijn.  Langaman,  9  (MNH).  FRENCH 
GUIANA:  Cayenne,  9  (MCZ).  COLOM- 


BIA: Dept.  Choco.  Quibdo,  9  (IMLT). 
Meta.  20  km  N  Rio  Muco,  "Carimagua," 
9,  6  (MCZ);  15  km  SW  Puerto  Lopez,  9,  S 
(MCZ);  20  km  S  El  Porvenir,  9  (MCZ). 
Villa vicencio,  9  (AMNH).  Valle.  Cali,  S 
(MCZ);  nr.  Cali,  1,000  m,  3  (MCZ);  50  km 
S  Buenaventura,  9  (MCZ);  28  km  E  Bue- 
naventura, 9  (MCZ).  Huila.  10  km  E  Le- 
ticia,  6  (MCZ).  Cauca.  NW  Guapi,  100  m, 
9  (MCZ).  Caqueta.  Rio  Orteguaza,  9 
(AMNH).  ECUADOR:  Prov.  Pichincha. 
16  km  SE  San  Domingo,  Tinandia  (?),  S 
(MCZ);  10  km  W  Santo  Domingo  de  los 
Colorados,  9  (CAS);  km  113  via  Pto.  Qui- 
to, 9  (MECN).  Napo.  Tayos  Santiago,  9 
(MCZ);  Tarapuy,  29  (MECN).  Guayas. 
Milagro,  9,  S  (EPC).  Los  Rios.  50  km  E 
Quevado,  9  (CAS);  Juan  Montalvo,  9 
(AMNH).  El  Oro.  Rio  Santa  Rosa,  64  km 
S  of  Ista  Rosa,  S  (EPC).  PERU:  Dept. 
Amazonas.  Rio  Alto  Maranon,  betw.  Rio 
Campa  and  Rio  Nieva,  9  (AMNH).  Lore- 
to.  Iquitos,  9  (MCZ);  Rio  Napo,  9  (MCZ). 
Hudnuco.  69  km  E  Tingo  Maria,  9  (CAS); 
Tingo  Maria,  159,  36  (CAS,  AMNH);  San- 
ta Teresa,  9  (EPC);  Cucharas,  6  (EPC); 
Divisoria,  9  (AMNH).  Pasco.  Puerto  Ber- 
mudez,  9  (CUC).  Junin.  Estancia  Naran- 
jal  San  Ramon,  1,000  m,  29  (AMNH). 
BRAZIL:  Est.  Amazonas.  Tefe,  29  (MCZ, 
BMNH);  Alto  Sohmoes,  9,  S  (FZRS);  Rio 
Negro,  Umarituba,  9  (NRS);  Rio  Autas, 
Cururuzinho,  9  (NRS);  Lagode  Coari,  9 
(NRS).  Para.  Belem,  9  (MCZ);  Caninde,  9 
(AMNH);  Jacare-Acanga,  9  (AMNH);  San- 
tarem,  Monte  Alegro,  9  (BMNH).  Ron- 
donia.  Abufia,  9,  S  (MCZ);  Porto  Velho,  9 
(MCZ).  Mato  Grosso.  260  km  N  Xavan- 
tina,  9  (MCZ);  Chavantina,  9  (MSP).  Goids. 
Corumba,   9    (MZSP).    Bahia.    Iguassu,   9 


Figures  311-325.  Micrathena  plana  (C.  L.  Koch).  311-323.  Female.  311,  312.  Lateral.  313,  314.  Dorsal.  315-317.  Epigynum, 
dorsal.  318-320.  Epigynum,  posterior.  321-323.  Epigynum,  lateral.  311,  313,  315,  318,  321.  (Dept,  Meta,  Colombia).  312,  314, 
317,  320,  323.  (Dept.  Junin,  Peru).  316,  319,  322.  (Est.  Mato  Grosso,  Brazil).  324,  325.  Male.  324.  Dorsal.  325.  Left  palpus, 

mesal. 

Figures  326-336.  Micrathena  triangularis  (C.  L.  Koch).  326-334,  Female.  326.  Lateral.  327,  328.  Dorsal.  329,  330.  Epigynum, 
ventral.  331,  332.  Epigynum,  posterior.  333,  334.  Epigynum,  lateral.  326,  328,  330,  332,  334.  (Suriname).  327.  (Cayenne).  329, 
331,  333.  (Belem,  Brazil).  335   "36.  Male.  335.  Dorsal.  336.  Palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  31 1-314,  324,  326-328,  335,  1 .0  mm. 
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(NRS).  Minas  Gerais.  Belo  Horizonte,  6 
(cue).  Espirito  Santo.  Colatina,  9 
(MNRJ).  Rio  de  Janeiro.  Angra  dos  Reis, 
9  (MZSP).  Sao  Paulo.  Batatais,  9  (MZSP); 
Boa  Esperanjo  do  Sul,  39  (MZSP);  Nova 
Europa,  29,  6  (MZSP);  Cosmopolis,  9  (CAS); 
Rio  Claro,  9  (FAM);  Guatapara,  6  (MZSP); 
Tabatinga,  6  (MZSP);  Sao  Roque,  9 
(MZSP);  Pirassununga,  9  (MZSP).  Rio 
Grande  do  Sul.  Garruchos  Sao  Borja,  9,  3 
(FZRS).  Sao  Francisco  de  Paula,  29  (FZRS). 
BOLIVIA:  Dept.  Beni.  Rio  Beni  [66:W, 
12:30S],  9  (AMNH).  Cochabamba.  Gral. 
Roman,  9  (MULP).  PARAGUAY:  Dept. 
Concepcion.  Territ.  Fonciere,  79  (MCZ, 
NMW);  Apa,  9  (AMNH).  Caaguazu.  Co- 
lon. Walter  Instran,  49  (JAK).  Alto  Pa- 
rand.  Pto.  Stroessner,  29  (MHNG);  km  12 
de  Stroessner,  9  (JAK).  Itapu.  Isla  Yacreta, 
9  (MACN).  BOLIVIA:  Dept.  Beni.  Rio 
Beni,  9  (AMNH).  Cochobamba.  Gral.  Ro- 
man, 9  (MULP).  ARGENTINA:  Prov.  Mi- 
siones.  San  Ignacio,  49  (MULP);  Iguazu, 
49  (MULP,  MEG);  Pindapoy,  9  (MULP); 
Montecarlo,  29  (MEG);  Punta  17  de  Oc- 
tubre,  many  9,  33  (MACN);  Santa  Maria, 
29  (MACN);  Aguarai-Guazu,  9  (MACN); 
Rio  Iguazu,  on  rd.  to  Iguazu,  9  (MACN); 
Rio  Uruguai,  nr.  Pto.  Bemberg,  9  (MACN). 

Micrathena  triangularis  (C.  L.  Koch) 
Figures  326-336;  Map  6 

Acrosoma  triangulare  C.  L.  Koch,  1836:  78,  fig.  226. 
Female  from  Brazil  (ZSM),  destroyed. 

Acrosoma  pilosa  Taczanowski,  1873:  271,  pi.  5,  fig. 
23,  2.  Two  female  and  two  juvenile  syntypes  from 
Uassa,  French  Guiana  [Ua9a,  Amapa,  Brazil]  (PAN), 
examined.  NEW  SYNONYMY. 

Acrosoma  sordida  Taczanowski,  1873:  273,  pi.  6,  fig. 
25,  9.  Female  holotype  from  Cayenne,  French 
Guiana  (PAN),  examined.  NEW  SYNONYMY. 

Acrosoma  gibbosum  Taczanowski,  1879:  113,  pi.  1, 
fig.  30,  9.  Four  female  syntypes  from  Amable  Ma- 
ria [Junin],  Peru  (PAN),  examined.  NEW  SYN- 
ONYMY. 

Micrathena  sordida: — Reimoser,  1917:  105,  pi.  4,  fig. 
8,  9.  Roewer,  1942:  964. 

Micrathena  triangularis: — Reimoser,  1917:  107,  pi. 
5,  fig.  10,  9.  Roewer,  1942:  965.  Bonnet,  1957:  2880. 

Micrathena  pilosa: — Roewer,  1942:  961. 

?  Micrathena  ruschi  Mello-Leitao,  1945b:  266,  figs. 
7-9,  2.  Female  from  Santa  Teresa,  Est.  Espirito 
Santo,  Brazil  (MNRJ),  lost  DOUBTFUL  NEW 
SYNONYMY. 


Micrathena  gertschi  Chickering,  1964:  261,  figs.  23- 
29,  S.  Male  holotype  from  Simla,  Trinidad,  Lesser 
Antilles  (AMNH),  examined.  NEW  SYNONYMY. 

Synonymy.  C.  L.  Koch  gave  an  ade- 
quate description  and  illustration  of  this 
species.  Acrosoma  pilosa,  sordida  and 
gibbosum  appear  to  be  females  of  this 
species  from  French  Guiana  and  Peru;  M. 
gertschi  is  the  male. 

Mello-Leitao's  illustration  of  a  female 
with  18  spines  and  elongate  sternum  and 
genital  area  are  probably  this  species. 

Description.  Female  from  French 
Guiana.  Carapace,  sternum  dark  brown, 
legs  brown.  Dorsum  of  abdomen  brown- 
ish black,  with  large  and  small  sclerotized 
discs  darker  brown;  white  edge  on  each 
side  and  an  indistinct  transverse  white 
edge  on  the  posterior;  sides  with  white 
marks;  venter  between  epigynum  and 
spinnerets  dark  brown;  dark  brown  ring 
around  spinnerets.  Carapace  with  one  pair 
of  dimples;  thorax  very  high  (Fig.  326). 
Abdomen  trapezoidal  with  14  to  16  spines; 
many  large  circular  discs  on  the  dorsum 
and  sides,  and  many  tiny  sclerotized  spots 
in  between  (Fig.  327).  Total  length,  6.8 
mm.  Carapace,  2.3  mm  long,  2.1  mm 
wide.  First  femur,  2.3  mm;  patella  and 
tibia,  2.3  mm;  metatarsus,  1.3  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  2.1  mm; 
third,  1.3  mm.  Fourth  femur,  2.5  mm;  pa- 
tella and  tibia,  2.0  mm;  metatarsus,  1.4 
mm;  tarsus,  0.6  mm. 

Male  holotype  of  M.  gertschi.  Carapace 
dusky  brown,  head  dark  with  narrow  me- 
dian lighter  area  between  thoracic  mark 
and  posterior  edge.  Sternum  dark  dusky 
brown.  Coxae,  legs  yellow-white.  Dorsum 
of  abdomen  with  two  dark  paraxial  bands, 
lighter  marks  in  between  (Fig.  335),  sides 
and  venter  black.  Carapace  with  round 
thoracic  mark.  First  coxa  with  hook; 
groove  on  second  femur.  First  and  second 
legs  with  macrosetae.  Abdomen  longer 
than  wide,  narrowest  posteriorly,  sides 
slightly  wavy  (Fig.  335).  Total  length,  4.5 
mm.  Carapace,  1.8  mm  long,  1.2  mm 
wide.  First  femur,  1.7  mm;  patella  and 
tibia,  1.6  mm;  metatarsus,  0.9  mm;  tarsus, 
0.4  mm.  Second  patella  and  tibia,  1.2  mm; 
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third,  0.8  mm.  Fourth  femur,  1.8  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.9 
mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  5.8  to  7.4  mm,  males  from  4.3  to  4.9 
mm.  Females  may  have  an  additional 
small  pair  of  spines  in  front  of  the  second 
pair  (the  first  laterals.  Fig.  328).  Others 
from  Peru  have  an  additional  pair  of  small 
spines  on  the  posterior  behind  and  below 
the  seventh  pair  (Fig.  326).  Females  usu- 
ally have  14  spines,  but  sometimes  16; 
rarely  18.  The  density  of  tiny  sclerotized 
spots  on  the  dorsum  of  the  abdomen  is 
variable. 

Some  females  from  southern  Brazil  have 
the  characteristic  epigynum  but  lack  the 
middle  lateral  spines  (as  in  M.  plana);  they 
have  four  spines,  one  posteriorly  on  each 
side.  Some  few  specimens  from  Colombia, 
Peru,  and  Brazil  have  the  characteristic 
spines,  but  have  the  transverse  bar  swollen 
as  in  M.  plana.  Do  the  two  species  hy- 
bridize? 

Note.  A  male  was  collected  with  a  fe- 
male in  Suriname  by  Debby  Smith,  and 
males  are  in  collections  with  females  from 
Cucharas,  Peru. 

Diagnosis.  Females  can  be  distin- 
guished from  M.  duodecimspinosa  and  M. 
plana  by  the  additional  pair  of  spines  on 
the  sides  of  the  abdomen  (Figs.  327,  328). 
They  differ  from  M.  plana  and  M.  quad- 
riserrata  by  the  concave  or  straight  ante- 
rior margin  of  the  transverse  bar  of  the 
epigynum,  and  by  its  wide  median  lobe 
(Figs.  329,  330).  They  differ  from  M.  ex- 
cavata  by  lacking  the  ventral  spines  or  tu- 
bercles above  the  spinnerets  (Fig.  326). 
Usually  females  have  the  abdomen  more 
sclerotized  than  that  of  M.  plana. 

The  male  differs  from  that  of  related 
species  by  the  pointed  terminal  apophysis 
and  by  the  sclerotized  pointed  conductor 
(Fig.  336). 

Natural  History.  Specimens  have  been 
taken  from  gallery  forest  in  Mato  Grosso. 

Distribution.  Trinidad,  northern  South 
America  to  Peru  and  southern  Brazil  (Map 

6). 

Records.  LESSER  ANTILLES:    Trini- 


dad, common,  9,  6  (AMNH,  MCZ).  VEN- 
EZUELA: Est.  Carabobo.  San  Esteban,  9 
(cue).  Aragua.  Rancho  Grande,  9 
(AMNH).  Monagas.  Caripito,  9  (AMNH). 
Bolivar.  Hato  la  Vergarena,  9  (AMNH). 
GUYANA:  nr.  Mazaruni,  Pakaraima  Mts., 
9  (CUC);  Ireng  Riv.,  Roraima,  9  (AMNH). 
Upper  Essequibo  Riv.,  9  (AMNH).  Canje, 
Ikurua  Riv.,  9  (AMNH).  Kaieteur,  9 
(AMNH).  Kartabo,  9  (AMNH).  SURI- 
NAME: upper  Surinam  Riv.,  9  (BMNH). 
Saramacca  Prov.  Voltzberg-Raleighvallen 
Nature  Reserve,  9,  6  (MCZ).  Brokopondo. 
Browns  Berg,  9  (MCZ).  FRENCH 
GUIANA:  Cayenne,  9,  46  (PAN).  CO- 
LOMBIA: Dept.  Antioquia.  Mutata 
Cancheras,  9  (MCZ).  Santander.  Rio  Suar- 
ez,  9  (AMNH).  Cundinamarca.  Bogota,  9 
(BMNH).  Rio  Suarez,  9  (AMNH).  Meta. 
Villavicencio,  9  (CAS),  9  (MCZ);  45  km  N 
Villavicencio,  1,500  m,  29  (AMNH,  CAS). 
PERU:  Dept.  Loreto.  La  Frontera,  Upper 
Utoquinia,  9  (AMNH);  Rio  Igara,  Parandi 
tributary  of  Putumayo,  9  (BMNH).  San 
Martin.  20  km  NE  Moyobamba,  1,600  m, 
39  (AMNH).  Hudnuco.  Cucharas,  9,  6  (F. 
Woytkowski,  EPC);  Tingo  Maria,  99,  S 
(AMNH,  CAS);  near  Ucayacu,  29 
(AMNH).  BRAZIL:  Est.  Para.  Caninde, 
79  (AMNH);  50  km  E  Caninde,  79 
(AMNH);  Cachoeira,  9  (IBSP);  Rio  Guru- 
pi,  29,  S  (MSP);  Santarem,  119  (BMNH); 
Belem,  79  (AMNH,  MACN,  MCZ,  MEG); 
km  305  Liga9ao-Belem,  9  (MZSP);  Jaca- 
reacanga,  9  (AMNH).  Amazonas.  Rio  Au- 
tas,  Cururu,  $  (NRS);  Rio  Autas,  Cururu- 
zinho,  69  (NRS);  Manaus,  79  (INPA,  MEG, 
NRS);  Rio  Negro,  Umarituba,  9  (NRS). 
Amapd.  Villa  Amazonas,  49  (CAS);  Serra 
do  Navio,  9  (CAS).  Rondonia.  Porto  Vel- 
ho,  29  (AMNH,  MCZ).  Mato  Grosso.  Cha- 
pada  dos  Guimaroes,  29  (AMNH);  260  km 
N  Xavantina  (MCZ).  Bahia.  Iguassu,  9 
(NRS);  Salvador,  9  (SMK).  Espirito  Santo. 
Goitacazes,  9  (MNRJ);  Rio  Sao  Jose,  59 
(MZSP).  Rio  de  Janeiro,  Petropolis,  49 
(MNRJ).  Sao  Paulo.  Nova  Europa,  9 
(MZSP);  Boraceia,  29  (MZSP);  Campos  de 
Serra,  9  (MZSP);  Salesopolis,  9  (MZSP). 
Parana.  Curitiba,  29  (MNRJ);  Paranagua, 
9  (MNRJ).  Santa  Catarina.  Blumenau,  29 
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(MZSP),  32  (BMNH),  65  (NMW);  Join- 
ville,  4$  (MNRJ).  Rio  Grande  do  Sul.  Vila 
Oliva,  9,  S  (FZRS).  BOLIVIA:  Dept. 
Cochahamba.  Gral.  Roman,  59,  23 
(MULP);  Chapare,  9  (MULP).  PARA- 
GUAY: Dept.  Alto  Parana.  Taguaranapa, 
39  (EPC).  Concepcion.  Territ.  Fonciere, 
29  (MCZ);  [?  Rio]  Apa  (AMNH).  ARGEN- 
TINA: Prov.  Salta.  El  Tabacal,  29 
(MACN);  Cartagal,  59  (MACN);  Santa 
Maria,  49  (MACN). 

Micrathena  huanuco  new  species 
Figures  337-341 ;  Map  6 

Holotype.  Female  with  three  paratypes  (1  MCZ,  2 
EPC)  from  Cucharas,  Huallaga  Valley,  Dept. 
Huanuco,  Peru,  Feb.-April  1954  (F.  Woytkowski, 
MCZ).  The  specific  name  is  a  noun  in  apposition 
after  the  type  locality. 

Description.  Female.  Carapace  orange- 
brown.  Sternum,  legs  dark  brown.  Dor- 
sum of  abdomen  orange-brown  with  tiny 
white  pigment  spots  posteriorly  and  on 
each  side;  venter  with  black  streaks  on 
brown.  Carapace  with  thoracic  depression 
and  high  thorax;  no  dimples,  no  rim  in 
dorsal  view.  Eyes  subequal  in  size.  Abdo- 
men subtriangular  with  a  pair  of  spines 
overhanging  carapace,  a  large  postero- 
lateral double  spine,  and  four  pairs  of  small 
lateral  spines  (Figs.  337,  338).  Total  length, 
6.0  mm.  Carapace,  2.4  mm  long,  2.0  mm 
wide.  First  femur,  2.4  mm;  patella  and 
tibia,  2.4  mm;  metatarsus,  1.4  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  2.2  mm; 
third,  1.4  mm.  Fourth  femur,  2.6  mm;  pa- 
tella and  tibia,  2.2  mm;  metatarsus,  1.6 
mm;  tarsus,  0.6  mm. 

Variation.  Females  vary  in  total  length 
from  6.0  to  7.2  mm. 

Diagnosis.  This  species  differs  from  M. 
parallela  in  the  posterior  view  of  the  epig- 


ynum  (Fig.  340)  and  having  four  pairs  of 
spines  on  the  side  and  none  below  the  pos- 
terolateral double  spine  (Figs.  337,  338). 
It  differs  from  the  sympatric  M.  exlinae 
by  being  larger,  having  the  median  piece 
of  the  epigynum  with  almost  parallel  sides 
(Fig.  340),  and  by  having  black  pigment 
on  the  sternum  and  black  streaks  on  the 
venter  of  the  abdomen  from  the  spinner- 
ets to  the  posterolateral  double  spine  and 
up  the  sides.  It  differs  from  M.  plana  and 
M.  triangularis  by  having  only  two  pos- 
terodorsal  spines  (Fig.  337). 

Micrathena  exlinae  new  species 
Figures  342-346;  Map  6 

Holotype.  Female  with  one  paratype  from  Cucharas, 
Huallaga  Valley,  Huanuco,  Peru,  Feb.-April  1954 
(F.  Woytkowski,  MCZ).  The  species  is  named  after 
the  late  Harriet  Exline,  who  started  a  revision  of 
Micrathena  of  western  South  America. 

Description.  Female.  Carapace  orange, 
head  lightest,  sides  of  thorax  dark.  Ster- 
num orange,  coxae  lighter  orange;  distal 
articles  of  legs  dusky  orange.  Dorsum  of 
abdomen  orange,  large  spines  underlain 
by  some  white  pigment  spots;  sides  dusky 
orange;  venter  light  orange,  sclerotized 
areas  darker.  Carapace  with  high  thorax 
and  thoracic  depression;  lacking  dimples. 
Posterior  median  eyes  1.3  diameters  of  an- 
terior medians;  laterals  0.8  diameters.  To- 
tal length,  5.6  mm.  Carapace,  1.9  mm 
long,  1.7  mm  wide.  First  femur,  2.2  mm; 
patella  and  tibia.  2.2  mm;  metatarsus,  1.3 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  1.8  mm;  third,  1.0  mm.  Fourth  fe- 
mur, 2.3  mm;  patella  and  tibia,  1.9  mm; 
metatarsus,  1.4  mm;  tarsus,  0.6  mm. 

Diagnosis.  This  species  differs  from  M. 
huanuco  by  having  a  bottle-shaped  sep- 
tum on  the  posterior  face  of  the  epigynum 


Figures  337-341.     Micrathena  huanuco  n.  sp.,  female.  337.  Lateral.  338.  Dorsal.  339.  Epigynum,  ventral.  340.  Epigynum, 
posterior.  341.  Epigynum,  lateral. 


Figures  342-346.     Micrathena  exlinae  n.  sp.,  female.  342.  Lateral.  343.  Dorsal.  344.  Epigynum,  ventral.  345.  Epigynum,  pos- 
terior. 346.  Epigynum,  lateral. 
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Figures  347-353.     Micrathena  excavata  (C.  L.  Koch).  347-351.  Female.  348.  Dorsal.  349.  Epigynum,  ventral.  350.  Epigynum, 
posterior.  351.  Epigynum,  lateral.  352,  353.  Male.  352.  Dorsal.  353.  Left  palpus,  mesal. 

Scale  lines.  0.1  mm,  except  Figures  337,  338,  342,  343,  347,  348,  352,  1.0  mm. 
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(Fig.  345).  It  differs  from  M.  triangularis 
by  having  only  two  posterodorsal  spines 
(Figs.  342,  343). 

Paratypes.  PERU:  Dept.  Hudnuco.  Cu- 
charas,  9  (AMNH);  Santa  Teresa,  Rio 
Huallaga,  6,000  m  el.,  Aug.  1954,  9  (F. 
Woytkowski,  EPC). 

Micrathena  excavata  (C.  L.  Koch) 
Figures  347-353;  Map  6 

Acrosoma  excavatum  C.  L.  Koch,  1836:  80,  pi.  227, 
2.  Female  holotype  from  Brazil  (ZSM),  destroyed. 

Micrathena  excavata: — Reimoser,  1917:  108,  pi.  5, 
fig.  9,  9.  Roewer,  1942:  957.  Bonnet,  1957:  2866. 

?  Micrathena  mirifica  Chickering,  1961:  437,  figs. 
117-121,  (?.  Male  holotype  from  Barro  Colorado 
Island,  Panama  (MCZ),  examined.  DOUBTFUL 
SYNONYMY. 

Micrathena  subflava  Chickering,  1961:  461,  figs.  189- 
193,  9.  Female  holotype  from  Barro  Colorado  Is- 
land, Panama  Canal  Zone  (MCZ),  examined.  NEW 
SYNONYMY. 

Synonymy.  C.  L.  Koch  described  the 
diagnostic  light  colored  fourth  lateral  pair 
of  spines  situated  between  darker  spines. 
Chickering  did  not  know  of  Koch's  species 
and  described  it  as  a  new  species,  M. 
subflava.  Micrathena  mirifica  is  perhaps 
the  male  of  this  species. 

Description.  Female  from  French 
Guiana.  Carapace,  sternum,  legs  orange. 
Sternum  with  indistinct  posterior  gray 
patch.  Dorsum  of  abdomen  light  orange; 
anterior  three  pairs  of  lateral  spines  and 
large  posterolateral  spine  black,  spine  in 
between  light  (Fig.  348);  sides,  venter  light 
orange.  Epigynum  and  ring  around  spin- 
nerets black.  Carapace  without  dimples  or 
rim,  thorax  high  (Figs.  347,  348).  Total 
length,  7.5  mm.  Carapace,  2.5  mm  long, 
2.3  mm  wide.  First  femur,  2.7  mm;  pa- 
tella and  tibia,  2.7  mm;  metatarsus,  1.6 
mm;  tarsus,  0.7  mm.  Second  patella  and 
tibia,  2.3  mm;  third,  1.4  mm.  Fourth  fe- 
mur, 2.9  mm;  patella  and  tibia,  2.4  mm; 
metatarsus,  1.7  mm;  tarsus,  0.7  mm. 

Male.  Carapace  orange,  sternum  light 
orange  with  gray  mark  posteriorly.  Dor- 
sum of  abdomen  white  with  black  marks 
(Fig.  352);  venter  yellow-white  with  a 
black  mark  behind  spinnerets.  Carapace 


smooth  with  a  median  thoracic  mark.  First 
coxa  without  hook.  First  and  second  legs 
with  macrosetae.  Total  length,  4.1  mm. 
Carapace,  1.8  mm  long,  1.6  mm  wide. 
First  femur,  1.7  mm;  patella  and  tibia,  1.7 
mm;  metatarsus,  1.2  mm;  tarsus,  0.5  mm. 
Second  patella  and  tibia,  1.4  mm;  third, 
0.8  mm.  Fouth  femur,  1.6  mm;  patella 
and  tibia,  1.2  mm;  metatarsus,  1.0  mm; 
tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  7.3  to  9.2  mm.  Compared  to  related 
species  there  is  little  variation,  and  all 
specimens  appear  alike.  The  first  three 
pairs  of  lateral  spines  may  be  light  in  col- 
or, the  fourth  always  is. 

Note.  M.  mirifica  may  be  the  male  of 
this  species,  although  it  lacks  a  coxal  hook 
(characteristic  of  this  species  group)  and 
has  not  been  collected  with  a  female.  The 
male  has  a  uniformly  colored  carapace, 
and  a  gray  spot  on  the  light  sternum,  as 
do  females. 

Diagnosis.  Females  differ  from  related 
species  by  their  slightly  larger  size,  by 
having  18  pairs  of  spines,  and  by  the  light 
colored  fourth  lateral  pair  of  spines  in  front 
of  the  black  posterolaterals.  They  also  have 
an  unusual  pair  of  soft,  light  colored  ven- 
tral spines  (or  tubercles),  one  on  each  side 
of  the  spinnerets  (Fig.  347). 

Males  differ  from  others  of  this  species 
group  by  lacking  the  coxal  hook,  by  the 
thorn-shaped  rim  of  the  median  apophy- 
sis, and  by  the  shape  of  the  terminal 
apophysis  (Fig.  353). 

Distribution.  From  Panama  to  Peru  and 
Brazil  (Map  6). 

Records.  PANAMA:  Prov.  Panama, 
Canal  Area.  Barro  Colorado  Island,  many 
collections,  9,  S  (AMNH,  MCZ);  Pipeline 
Rd.,  9  (MCZ);  Fort  Sherman,  9  (UPMI). 
VENEZUELA:  Est.  Bolivar.  Mato  la  Ver- 
garena  [6:45N,  63:30W],  25  Oct.  1954,  9 
(AMNH).  GUYANA:  Kartabo,  1924,  9 
(cue).  PERU:  Dept.  Hudnuco.  Tingo 
Maria,  670  m,  9  (AMNH,  EPC).  BRAZIL: 
Terr.  Amapd.  Ua^a,  9  (PAN).  Est.  Pard. 
Caninde,  1964,  9  (J.  Carvalho,  AMNH). 
Sao    Paulo.    Ubatuba,    9    (MZSP);    Porto 
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Cobral,  9  (MZSP).  Parana.  Paragua,  9 
(MNRJ).  Santa  Catarina.  9  (NMW).  AR- 
GENTINA: Prov.  Misiones.  Parque  Nac. 
Iguazu,  9  (MEG);  Santa  Maria,  29 
(MACN);  Pto.  Bamberg,  9  (MACN). 

Micrathena  marta  new  species 
Figures  354-358;  IVIap  6 

Holotype.  Female  from  Rio  Frio,  30  km  E  of  Santa 
Marta,  Dept.  Magdalena,  Colombia,  2  July  1927 
(G.  Salt,  MCZ).  The  specific  name  is  a  noun  in 
apposition  after  the  type  locality. 

Description.  Female.  Carapace,  ster- 
num, coxae  orange.  Legs  black.  Abdomen 
black  except  for  a  ventral  pair  of  white 
spots  on  each  side,  slightly  anterior  of 
spinnerets.  Carapace  with  high  thorax,  one 
pair  of  dimples,  and  thoracic  depression. 
Posterior  median  eyes  slightly  larger  than 
others,  which  are  subequal.  Abdomen  with 
16  spines  (Figs.  354,  355).  Total  length, 
5.6  mm.  Carapace,  2.0  mm  long,  1.6  mm 
wide.  First  femur,  1.6  mm;  patella  and 
tibia,  1.7  mm;  metatarsus,  0.9  mm;  tarsus, 
0.5  mm.  Second  patella  and  tibia,  1.5  mm; 
third,  0.9  mm.  Fourth  femur,  1.9  mm;  pa- 
tella and  tibia,  1.4  mm;  metatarsus,  1.1 
mm;  tarsus,  0.5  mm. 

Variation.  The  third  pair  of  spines,  the 
second  on  the  sides,  is  almost  lacking  on 
the  right  side  but  not  on  the  left  (Fig.  355). 

Diagnosis.  This  species  differs  from  M. 
hananal  by  being  larger,  having  a  yellow 
sternum,  and  by  the  more  flattened  shape 
of  the  epigynum  (Fig.  356). 


nerets.  Carapace  with  thoracic  depression 
and  one  pair  of  dimples;  thorax  very  high. 
Posterior  median  eyes  slightly  larger  than 
others,  which  are  subequal  in  size.  Abdo- 
men shield-shaped  with  fourteen  spines: 
the  large  first  pair  overhangs  the  cara- 
pace; three  tiny  pairs  on  sides,  and  three 
larger  posterolaterals  (Figs.  359,  360).  To- 
tal length,  5.0  mm.  Carapace,  1.9  mm 
long,  1.5  mm  wide.  First  femur,  1.7  mm; 
patella  and  tibia,  1.8  mm;  metatarsus,  1.0 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.5  mm;  third,  1.0  mm.  Fourth  fe- 
mur, 2.1  mm;  patella  and  tibia,  1.6  mm; 
metatarsus,  1.2  mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 
from  4.8  to  5.0  mm. 

Diagnosis.  This  species  differs  from  the 
sympatric  M.  alvarengai  by  having  only 
14  spines  on  the  abdomen  (Figs.  359,  360) 
and  a  wider  lobe  of  the  epigynum  (Fig. 
361).  It  differs  from  M.  plana  by  having 
the  anterior  margin  of  the  transverse  bar 
of  the  epigynum  straight  (Fig.  361);  from 
M.  huanuco  and  M.  exlinae  by  having 
three  pairs  of  posterolateral  spines  (Fig. 
359);  and  from  M.  triangularis  by  the 
parallel  sides  of  the  abdomen  (Fig.  360) 
and  the  different  profile  of  the  epigynum 
(Fig.  363).  It  differs  from  the  similar  M. 
marta  by  being  smaller  and  by  having  a 
black  sternum. 

Paratype.  BRAZIL:  Prov.  Bahia.  Iguas- 
su,  Rio  Una,  3  July  1924,  9  (A.  Roman, 
NRS). 


Micrathena  banana!  new  species 
Figures  359-363;  Map  6 

Holotype.  Female  from  Santa  Isabel  do  Moro  [12°S, 
51°W],  Ilha  do  Bananal,  Est.  Goias,  Brazil,  June 
1981  (M.  Alvarenga,  AMNH).  The  specific  name 
is  a  noun  in  apposition  after  the  type  locality. 

Description.  Female.  Carapace  brown, 
darker  on  sides.  Sternum  blackish  brown. 
Coxae  and  distal  articles  of  legs  orange, 
darkest  distally.  Dorsum  of  abdomen 
white,  dusky  on  sides;  sides  black;  venter 
black  with  a  white  longitudinal  band  on 
each  side  and  white  patches  behind  spin- 


Micrathena  alvarengai  new  species 
Figures  364-368;  Map  6 

Holotype.  Female  holotype  from  Santa  Isabel  de 
Moro  [12"^:  5rW],  Ilha  do  Bananal,  Est.  Goias, 
Brazil,  June  1961  (M.  Alvarenga,  AMNH).  The 
species  is  named  after  the  collector. 

Description.  Female.  Carapace  dark 
orange-brown,  sides  blackish.  Sternum 
blackish  brown.  Coxae  orange,  distal  leg 
articles  orange-brown.  Dorsum  of  abdo- 
men white,  with  dusky  area  on  each  side 
and  a  black  patch  on  each  side  on  pos- 
terolateral spines;  sides  black;  venter  black. 
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with  indistinct  white  band  on  each  side. 
Carapace  with  one  pair  of  very  distinct 
dimples  anteriorly  and  distinct  thoracic 
depression;  thorax  unusually  high,  with 
depression  on  anterior  of  thoracic  slope. 
Posterior  median  eyes  slightly  larger  than 
anterior  medians;  laterals  subequal  to  an- 
terior median  eyes.  Abdomen  squarish 
with  a  pair  of  large  spines  overhanging 
carapace,  and  eight  equally  spaced  pairs 
of  spines  (Fig.  365).  Total  length,  5.0  mm; 
Carapace,  1.8  mm  long,  1.4  mm  wide. 
First  femur,  1.6  mm;  patella  and  tibia,  1.7 
mm;  metatarsus,  0.9  mm;  tarsus,  0.5  mm. 
Second  patella  and  tibia,  1.4  mm;  third, 
0.9  mm.  Fourth  femur,  1.9  mm;  patella 
and  tibia,  1.6  mm;  metatarsus,  1.2  mm; 
tarsus,  0.5  mm. 

Diagnosis.  This  species  differs  from  M. 
bananal  by  having  18  spines  on  the  ab- 
domen (Figs.  364,  365).  It  differs  from  M. 
triangularis  by  the  shape  of  the  epigynum 
in  profile,  and  by  having  a  light  spot  be- 
hind the  lobe  of  the  epigynum  (Figs.  367, 
368). 

Micrathena  quadriserrata  F.  P.-Cambridge 
Figures  369-375;  Map  6 

Micrathena  uncata  F.  P.-Cambridge,  1904:  533,  pi. 
50,  fig.  14,  (3.  Male  holotype  from  Guatemala 
(BMNH),  examined.  Roewer,  1942:  965.  Bonnet, 
1957:  2881.  Chickering,  1962:  466,  figs.  202-205, 
$.  NEW  SYNONYMY. 

Micrathena  quadriserrata  F.  P.-Cambridge,  1904: 
534,  pi.  50,  fig.  18,  9.  Four  juvenile  syntypes  from 
Quezaltepeque,  Guatemala  (BMNH)  examined. 
Reimoser,  1917:  94,  pi.  3,  fig.  4,  $.  Roewer,  1942: 
962.  Bonnet,  1957:  2875.  Chickering,  1961:  448, 
figs.  146-149,  9. 

Chaetacis  rouxi  Mello-Leitao,  1939:  68,  figs.  45-47, 
9.  Female  holotype  from  Prov.  Falcon,  Venezuela 
(NMB),  examined.  NEW  SYNONYMY. 

Micrathena  modica  Chickering,  1961:  439,  figs.  122- 
126,  (3.  Male  holotype  from  Summit,  Panama 
(MCZ),  examined.  NEW  SYNONYMY. 

Synonymy.  Micrathena  uncata  is  the 
male  of  M.  quadriserrata.  Although  the 
name  uncata  has  page  priority,  it  is  pref- 
erable to  use  that  of  the  female  M.  quad- 
riserrata. The  type  of  M.  uncata  is  in  poor 
condition;  details  had  to  be  illustrated  (and 
reversed)  from  the  right  palpus  (Fig.  375). 


The  type  of  C.  rouxi  Mello-Leitao  does 
not  differ  from  other  specimens  of  this 
species.  Chickering  (1962)  did  not  notice 
the  similarity  of  the  palpi  of  M.  uncata 
and  his  new  M.  modica,  since  he  charac- 
teristically drew  each  from  a  different  an- 
gle. He  noted  that  both  lacked  coxal  hooks. 
The  type  of  M.  uncata  has  a  hook,  how- 
ever. 

Description.  Female  from  Panama. 
Carapace  light  orange,  sides  blackish  or- 
ange. Sternum  with  black  pigment.  Coxae 
orange;  distal  leg  articles  blackish  on  or- 
ange. Dorsum  of  abdomen  white  with  dark 
patches  (Fig.  370);  venter  black  with  a  pair 
of  paraxial  white  bands,  one  on  each  side. 
Carapace  with  one  anterior  pair  of  dim- 
ples, a  median  thoracic  mark,  and  a  very 
high  thorax.  Abdomen  with  two  sharp  an- 
terior spines,  two  pairs  of  denticles  on  the 
sides,  and  a  posterior  lobe  on  each  side 
with  three  or  four  teeth  (Figs.  369,  370). 
Total  length,  6.0  mm.  Carapace,  2.3  mm 
long,  1.9  mm  wide.  First  femur,  2.4  mm; 
patella  and  tibia,  2.6  mm;  metatarsus,  1.6 
mm;  tarsus,  0.7  mm.  Second  patella  and 
tibia,  2.2  mm;  third,  1.3  mm.  Fourth  fe- 
mur, 2.7  mm;  patella  and  tibia,  2.1  mm; 
metatarsus,  2.0  mm;  tarsus,  0.5  mm. 

Male.  Carapace  orange-brown.  Ster- 
num, legs  brown.  Dorsum  of  abdomen 
grayish  white  with  dark  patches;  venter 
black.  Carapace  with  median  thoracic 
depression;  no  dimples  (Fig.  374).  First 
coxa  with  small  posterior  hook,  second  fe- 
mur with  groove.  Total  length,  5.8  mm. 
Carapace,  2.1  mm  long,  1.7  mm  wide. 
First  femur,  2.2  mm;  patella  and  tibia,  2.0 
mm;  metatarsus,  1.6  mm;  tarsus,  0.7  mm. 
Second  patella  and  tibia,  1.9  mm;  third, 
1.0  mm.  Fourth  femur,  2.3  mm;  patella 
and  tibia,  1.7  mm;  metatarsus,  1.4  mm; 
tarsus,  0.6  mm. 

Variation.  Females  vary  in  total  length 
from  5.2  to  7.4  mm,  males  from  4.5  to  5.8 
mm.  Some  females  have  the  dorsum  of 
the  abdomen  all  black.  The  posterolateral 
lobes  of  the  abdomen  may  be  much  long- 
er than  those  in  Figure  370,  and  may 
sometimes  be  twisted  into  a  vertical  posi- 
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Figures  354-358.     Micrathena  marta  n.  sp.,  female.  354.  Lateral.  355.  Dorsal.  356.  Epigynum,  ventral.  357.  Epigynum,  poste- 
rior. 358.  Epigynum,  lateral. 

Figures  359-363.     Micrathena  bananal  n.  sp.,  female.  359.  Lateral.  360.  Dorsal.  361.  Epigynum,  ventral.  362.  Epigynum, 
posterior.  363.  Epigynum,  lateral. 

Figures  364-368.     Micrathena  alvarengai  n.  sp.,  female.  364.  Lateral.  365.  Dorsal.  366.  Epigynum,  ventral.  367.  Epigynum, 
posterior.  368.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  354,  355,  359,  360,  364,  365,  1.0  mm. 


tion.   All   penultimates  and   small   adults  Note.   Females  and   males  have  been 

have  four  spines  on  these  lobes;  larger  fe-  collected    together    in    Nicaragua,    Costa 

males  have  the  last  pair  of  spines  very  Rica  and  Panama. 

small  or  absent.  The  lack  of  the  charac-  Diagnosis.   Females  can  be  separated 

teristic  coxal  hook  in  males  from  Panama  from  other  12-  or  14-spined  species  by  the 

is  puzzling.  two  posterolateral  lobes  of  the  abdomen 
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(Fig.  370)  separated  by  a  wide  notch,  and 
by  the  V-shaped  transverse  bar  of  the 
epigynum,  often  narrower  in  the  center 
than  on  the  sides.  There  is  only  a  sUght 
median  lobe  or  none  with  a  bulge  under- 
neath (dorsal)  to  it  (Figs.  371-373).  Fe- 
males are  similar  to  those  of  M.  brevispi- 
na,  which  is  smaller,  has  about  16  spines, 
and  a  deeper  notch  between  the  posterior 
lobes  of  the  abdomen. 

Males  can  be  separated  from  others  by 
the  curved  conductor  and  terminal 
apophysis,  enclosing  the  embolus  but  open 
toward  the  mesal  side  of  the  palpus  (Fig. 
375). 

Distribution.  Chiapas,  Mexico  to  Ven- 
ezuela (Map  6). 

Records.  MEXICO:  Est.  Chiapas. 
Huixtla,  9  (AMNH);  Cacahuatan,  2 
(AMNH);  nr.  Huehuetan,  9  (AMNH);  32 
km  NW  Ocozocoautla,  9  (CAS);  18  km  N 
Tuxtla  Gutierrez,  9  (CAS);  El  Sumidero, 
29  (CAS);  Montozintla,  1,000  m,  3  (CNC); 
NE  Los  Amates,  29,  6  (RL);  Chiapa  de 
Corzo,  49  (BC).  HONDURAS:  Copan,  9 
(AMNH).  EL  SALVADOR:  San  Salvador, 
29  (AMNH);  Santa  Tecla,  79  (AMNH). 
NICARAGUA:  nr.  Managua,  109,  6,  2 
imm.  (AMNH).  COSTA  RICA:  Prov.  San 
Jose.  San  Jose,  39,  43,  3  imm.  (AMNH); 
Villa  Colon,  69,  26  (MZCR);  La  Caja,  5<5 
(NMW).  Guanacaste.  Canas,  9,  6  (MZCR); 
Tilaran,  9  (NMW);  Bebedero,  49  (NMW). 
Heredia.  W  of  Alajuela,  9  (SRC). 
Puntarenas.  nr.  Esparta,  800  m,  3  (MCZ); 
nr.  Cabuya,  9  (AMNH).  PANAMA:  Prov. 
Panama,  canal  area.  Miraflores  Locks,  9 
(MCZ);  Ft.  Sherman,  9  (MCZ);  Barro  Col- 
orado Isl.,  many  coll.  (MCZ);  Cocoh,  39 
(AMNH);  Summit,  3  (AMNH);  Cerro  An- 
con,  9  (UPMI).  VENEZUELA:  Distr.  Fed- 
eral. Caracas,  69  (MCZ,  NMW). 


Micrathena  triserrata  F.  P. -Cambridge 
Plate  2;  Figures  376-385;  Map  6 

Micrathena  triserrata  F.  P. -Cambridge,  1904:  534, 
pi.  50,  fig.  17,  9.  Three  female  syntypes  from  Gua- 
temala (BMNH),  examined.  Reimoser,  1917:  95. 
Roewer,  1942:  965.  Bonnet,  1957:  2881.  Chicker- 
ing,  1961:  464,  Bgs.  198-201,  2. 

Types.  Chickering  refers  to  a  lectotype 
which  had  an  extra  spine  on  the  right  side 
at  the  base  of  the  trifid  posterior  lateral 
spine.  Only  three  specimens,  syntypes, 
were  examined  from  the  British  Museum. 
Two  of  the  three  specimens  had  this  uni- 
lateral spine,  the  third  lacked  it.  One  of 
the  three  specimens  had  the  tip  of  the 
epigynum  missing  (Figs.  379,  382). 

Description.  Female  syntype.  Cara- 
pace, sternum  dark  brown,  sides  black. 
Legs  dark  brown,  first  femora  black.  Dor- 
sum of  abdomen  blackish  brown  with  me- 
dian light  patch,  a  pair  of  light  patches, 
and  some  white  along  margin;  sides  dor- 
sally  whitish,  venter  gray-brown,  sclero- 
tized  areas  brown.  Carapace  with  three 
pairs  of  dimples,  a  median  thoracic 
depression,  and  thorax  high.  Abdomen 
with  small  discs,  sclerotized  spots  dorsally 
(Figs.  376,  377);  and  14  to  16  spines:  three 
pairs  of  blunt  spines  on  each  side,  and  a 
trifid  posterolateral  wing  whose  base  may 
have  another  denticle.  Total  length,  7.7 
mm.  Carapace,  2.8  mm  long,  2.2  mm 
wide.  First  femur,  2.6  mm;  patella  and 
tibia,  2.7  mm;  metatarsus,  1.7  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  2.3  mm; 
third,  1.4  mm.  Fourth  femur,  3.2  mm;  pa- 
tella and  tibia,  2.4  mm;  metatarsus,  1.9 
mm;  tarsus,  0.7  mm. 

Male.  Carapace  orange,  sides  gray. 
Sternum  and  coxae  light  orange;  legs 
grayish  brown.  Dorsum  of  abdomen  or- 


Figures  369-375.  Micrathena  quadriserrata  F.  P. -Cambridge.  369-373.  Female.  369.  Lateral.  370.  Dorsal.  371.  Epigynum, 
ventral.  372.  Epigynum,  posterior.  373.  Epigynum,  lateral.  374.  375.  Male.  374.  Dorsal.  375.  Left  palpus,  mesal. 

Figures  376-385.  Micrathena  triserrata  F.  P. -Cambridge.  376-382.  Female.  376.  Lateral.  377.  Dorsal.  378,  379.  Epigynum, 
ventral.  379.  Lobe  torn  off.  380.  Epigynum,  posterior.  381 ,  382.  Epigynum,  lateral.  382.  Lobe  torn  off.  383-385.  Male.  383. 
Dorsal.  384.  Palpus,  mesal  385.  Palpus,  lateral. 


Figures  386-393.     Micrathena  brevisplna  (Keyserling).  386-391.  Female.  386.  Lateral.  387.  Dorsal.  388,  389.  Epigynum,  van- 
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tral.  390.  Epigynum,  posterior.  391.  Epigynum,  lateral.  388,  390,  391 .  (Argentina).  389.  (Colombia).  392,  393.  Male.  392.  Dorsal. 
393.  Palpus,  mesa!. 

Scale  lines.  0.1  mm,  except  Figures  369,  370,  374,  376,  377,  383,  386,  387,  392,  1.0  mm. 
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ange-white  with  gray  marks;  venter  gray  Ionia  Yucatan,  Aug.  1952,  imm.  (J.  and  D. 

and  orange.  Carapace  with  three  pairs  of  Pallister,  AMNH);  Chichen  Itza,  10  July 

indistinct  dimples  and  a  circular  median  1948,  9  (C.  and  M.  Goodnight,  AMNH), 

thoracic  depression  (Fig.  383).  First  coxa  March    1945,    9    (H.    Wagner,    AMNH). 

with   small  hook,   second   femur   with   a  Quintana  Roo.  Kohunlich  ruins,  9  km  S 

groove.  First  tibia  with  macrosetae;  sec-  Francisco  Villa,  14-17  July  1983,  9  (W. 

ond  tibia  with  one  row  of  five  short,  strong  Maddison,  R.  S.  Anderson,  MCZ);  31  km 

macrosetae.  Total  length,  4.7  mm.  Cara-  NE  Felipe  Carillo  Puerto,  Hwy.  307,  29 

pace,  1.8  mm  long,  1.4  mm  wide.  First  (W.    Maddison,   R.    S.    Anderson,    MCZ). 

femur,  1.9  mm;  patella  and  tibia,  1.9  mm;  Chiapas.    Palenque   ruins   area,   31    July 

metatarsus,  1.3  mm;  tarsus,  0.6  mm.  Sec-  1983,  6  (W.  Maddison,  MCZ).  BELIZE:  El 

ond  patella  and  tibia,  1.4  mm;  third,  0.8  Cayo,   Sept.    1959,   9   (N.    L.    H.    Krauss, 

mm.  Fourth  femur,  2.0  mm;  patella  and  AMNH). 
tibia,  1.4  mm;  metatarsus,  1.2  mm;  tarsus, 

0.5  mm.  Micrathena  brevispina  (Keyserling) 

Variation.  Females  vary  in  total  length  Figures  386-393;  Map  6 
from  7.0  to  7.7  mm.  This  species  may  have 

a  denticle  outside  at  the  base  of  the  trifid  A^r«^«^„«  ^ewspinum  Keyserling,   1863:  70,  pi.  2, 

.,.,,,                     .                 ,  ng.  3,  9.  Female  type  rrom  Santa  Fe  de  Bogota,  N. 

posterolateral  lobe,  sometimes  only  on  one  Granada  [Bogota,  Colombia]  (BMNH),  examined, 

side  (Fig.  377).  The  epigynum  in  ventral  Keyserling,  1892:  25,  pi.  1,  fig.  22,  9. 

view  is  variable  and  frequently  has  the  tip  ?  Acrosoma  bifissum  Keyserling,  1892:  30,  pi.  l,  fig. 

torn  off  (Fi2S    378-382)  ^^'  i"^'^-  Female  type  from  Blumenau  [Est.  Santa 

A7^      wi           jr          i       u          u                1  Catarina],  Brazil,  lost.  DOUBTFUL  SYNONYMY. 

Note.  Male  and  females  have  been  col-  A,rosoma  mbrospinosum  Keyserling,  1892:  30,  pi. 

lected  together  by  W.  Maddison  in  Cam-  2,  fig.  28,  imm.  Two  juvenile  syntypes  from  Blu- 

peche,  Mexico.  menau  [Est.  Santa  Catarina],  Brazil  (mislabeled  as 

Diagnosis.  Females  of  this  species  can  type  of  bifissum)  (BMNH),  examined.  NEW  SYN- 

be  distinguished  from  those  of  M.  quad-  .,.     ,,        ,                   „  .            m,^  m  ^ 

^       ^        .                     1-111  Micrathena  brevispina: — neimoser,  1917:  91.  Roew- 

riserrata  by  having  a  median  lobe  on  the  er,  1942:  955.  Bonnet,  1957:  2863.  Chickering, 

epigynum  which  may  be  torn  off  (Figs.  1960c:  68,  figs.  12-14,  9. 

378-382);   M.   quadriserrata  lacks  such   a  Micrathena  mansueta  Chickering,   1960c:  83,  figs. 

distinct  lobe.  The  male  can  be  differen-  ^^-'^^'  ^  .^^'^  holotype  from  the  Amazon  (HEO), 

. .    .     1  r              ^,             r  ^1                .                      1  examined.  NEW  SYNONYMY, 
tiated  rrom  others  ot  the  species  group  by 

the  large  sclerotized  rim  of  the  median  Synonymy.  The  types  of  rubrospino- 

apophysis,  the  small  terminal  apophysis  sum  are  labeled  bifissum.  But  both  A.  bi- 

and  the  upside-down  V-shaped  parame-  fissum  and  A.  rubrospinosum  are  proba- 

dian  apophysis  (Fig.  384).  bly  this  species.   Chickering  named   the 

Distribution.  San  Luis  Potosi  to  Belize  male  M.  mansueta. 

(Map  6).  Description.    Female   from    Colombia. 

Records.  MEXICO:  Est.  San  Luis  Po-  Carapace,    legs    brown,    sternum    dark 

tost.  6  km  W  El  Naranjo,  13  Dec.  1965,  9  brown.  Dorsum  of  abdomen  whitish;  ven- 

(G.  Ball,  RL).  Veracruz.  16  km  S  San  Jose  ter  of  abdomen  black.  Carapace  with  a 

del  Carmen,  16  April  1953,  9  (L.  I.  Davis,  pair  of  shallow  dimples  in  groove  between 

AMNH).  Tecolutla,  13  Oct.   1947,  6  (H.  head   and   thorax,  and   circular   thoracic 

Wagner,  AMNH).  Oaxaca.  8  km  E  of  Te-  depression;  thorax  hairy  on  sides.  Abdo- 

mascalapa,    June-Aug.    1964,    imm.    (D.  men  dorsally  flattened  (Figs.  386,  387). 

Janzen,    AMNH).    Campeche.    Chicanna  Total  length,  5.4  mm.  Carapace,  1.8  mm 

ruins,  8  km  W  of  Xpujil,  12-14  July  1983,  long,  1.6  mm  wide.  First  femur,  1.8  mm; 

29,  46   (W.   Maddison,   MCZ);   6   km   W  patella  and  tibia,  1.8  mm;  metatarsus,  1.0 

Francisco   Escarcega,    11-12   July    1983,  mm;  tarsus,  0.5  mm.  Second  patella  and 

imm.  (W.  Maddison,  MCZ).  Yucatan.  Co-  tibia,  1.7  mm;  third,  1.0  mm.  Fourth  fe- 
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mur,  2.0  mm;  patella  and  tibia,  1.7  mm; 
metatarsus,  1.2  mm;  tarsus,  0.5  mm. 

Male  from  Colombia.  Carapace,  ster- 
num dark  brown.  Coxae  and  remaining 
leg  articles  yellowish  with  some  gray  pig- 
ment on  anterior  of  first  pair  of  legs.  Dor- 
sum of  abdomen  with  a  black  patch,  white 
pigment  all  around;  venter  with  a  median 
wide  black  band,  narrower  behind  than 
anteriorly,  continuing  beyond  spinnerets 
to  posterior  tip.  Carapace  with  distinct 
median  depression,  pair  of  very  slight  an- 
terolateral dents,  and  many  hairs  (Fig. 
392).  First  coxa  with  hook,  second  femur 
with  groove.  First  two  legs  with  macro- 
setae.  Abdomen  much  longer  than  wide, 
slightly  lobed  anteriorly  (Fig.  392),  and 
narrower  behind  than  in  front.  Total 
length,  4.2  mm.  Carapace,  1.6  mm  long, 
1.2  mm  wide.  First  femur,  1.4  mm;  pa- 
tella and  tibia,  1.3  mm;  metatarsus,  0.7 
mm;  tarsus,  0.3  mm.  Second  patella  and 
tibia,  1.0  mm;  third,  0.6  mm.  Fourth  fe- 
mur, 1.5  mm;  patella  and  tibia,  1.0  mm; 
metatarsus,  0.7  mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  4.5  to  6.2  mm.  Many  have  an  en- 
tirely black  abdomen;  others  have  only 
black  patches,  or  the  abdomen  may  be 
white.  The  specimen  from  Chiriqui,  Pan- 
ama has  only  two  spines  on  each  side,  and 
may  belong  to  a  different  species. 

Note.  A  male  has  been  collected  with 
females  by  W.  Eberhard  at  Rio  Jamundi, 
Dept.  Valle,  Colombia. 

Diagnosis.  The  female  differs  from  re- 
lated species  by  the  shape  of  the  abdomen 
(Fig.  387)  and  the  short  transverse  bar  of 
the  epigynum  (Figs.  388-390).  The  male 
differs  by  the  shape  of  the  conductor,  the 
pointed  tip  of  the  terminal  apophysis  and 
the  square  median  apophysis  (Fig.  393). 

Distribution.  Doubtful  from  western 
Panama,  Colombia  to  northern  Argentina 
(Map  6). 

Records.  PANAMA:  Chiriqui  Prov. 
Volcan,  20  Feb.  1936,  9  (W.  J.  Gertsch, 
AMNH).  COLOMBIA:  Dept.  Valle.  Rio 
Jamundi,  9  Dec.  1969,  39,  6  (W.  Eberhard, 
MCZ);  nr.  Cah,  1,300  m,  15  Dec.  1971,  9 


(W.  Eberhard,  MCZ).  Meta.  Restropo, 
1936,  9  (J.  Bequaert,  MCZ);  Mt.  Redondo, 
1,500  m,  71  km  W  Villavicencio,  June 
1947,  9  (L.  Richter,  AMNH).  BRAZIL:  Est. 
Para.  Caninde,  1964,  29  (J.  Carvalho, 
AMNH).  Sao  Paulo.  Juquia,  29  (F.  Lane, 
MZSP).  Santa  Catarina.  39  (E.  Reimoser, 
MCZ);  Blumenau,  9  (H.  Leudenwaldt, 
MZSP).  ARGENTINA:  Misiones  Prov.  El- 
dorado, 1964,  9  (A.  Kovacs,  AMNH); 
Puerto  Victoria,  29  (Zenzes,  MLP);  Punta 
17  de  Octubre,  69  (MACN). 

Micrathena  molesta  Chickering 
Plates  1,  2;  Figures  394-404;  Map  6 

Micrathena  molesta  Chickering,  1961:  441,  figs.  127- 
132,  9.  Female  holotype  from  Tablazo  [Cerro  Ta- 
blazo,  San  Jose  Prov.],  Costa  Rica  (MCZ),  exam- 
ined. 

Description.  Female  from  type  locality. 
Carapace  orange,  darker  on  each  side. 
Sternum  orange.  Legs  orange-brown.  Ab- 
domen orange  with  sclerotized  areas  or- 
ange-brown; sides  and  venter  orange-white 
with  some  black  pigment  on  sides  and  be- 
hind spinnerets.  Carapace  with  high  tho- 
rax, three  pairs  of  dimples  and  a  round 
thoracic  mark;  without  rims.  Abdomen 
dorsally  flattened  with  one  pair  of  spines 
overhanging  carapace,  three  spines  pos- 
terolaterally  on  each  side  and  four  pairs 
on  sides  (Figs.  394,  395).  Total  length,  7.0 
mm.  Carapace,  2.3  mm  long,  1.2  mm 
wide.  First  femur,  2.2  mm;  patella  and 
tibia,  2.3  mm;  metatarsus,  1.3  mm;  tarsus, 
0.5  mm.  Second  patella  and  tibia,  1.9  mm; 
third,  1.2  mm.  Fourth  femur,  2.4  mm;  pa- 
tella and  tibia,  1.9  mm;  metatarsus,  1.4 
mm;  tarsus,  0.6  mm. 

Male  from  Costa  Rica.  Carapace  or- 
ange, sides  black.  Sternum,  coxae  orange- 
white.  Legs  orange-gray.  Dorsum  of  ab- 
domen white  with  black  along  each  side, 
venter  gray  with  black  patch  on  each  side 
and  one  behind  spinnerets.  Carapace  with 
three  pairs  of  dimples  and  thoracic  mark. 
First  coxa  with  small  hook  on  posterior 
edge,  second  femur  with  groove.  Abdo- 
men with  sides  almost  parallel,  slightly 
convex  (Fig.  402).  Total  length,  3.4  mm. 
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Carapace,  1.3  mm  long,  0.9  mm  wide. 
First  femur,  1.3  mm;  patella  and  tibia,  1.2 
mm;  metatarsus,  0.9  mm;  tarsus,  0.4  mm. 
Second  patella  and  tibia,  1.1  mm;  third, 
0.6  mm.  Fourth  femur,  1.4  mm;  patella 
and  tibia,  1.2  mm;  metatarsus,  0.9  mm; 
tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  4.8  to  6.4  mm,  males  from  3.2  to  3.6 
mm.  The  spines  are  sometimes  reduced  in 
size,  and  the  third  pair,  the  second  later- 
als, may  be  replaced  by  a  small  hump. 
The  transverse  bar  of  the  epigynum  is  of 
variable  width.  In  about  half  the  females 
examined  it  had  been  torn  off,  leaving  a 
stump  of  variable  shape  (Figs.  399-401). 
Unlike  specimens  from  Costa  Rica,  the  fe- 
male collected  in  Chiriqui,  Panama  is 
heavily  sclerotized  and  dark,  with  brown 
carapace  and  legs,  black  abdomen  with  a 
white  pigment  band  on  each  side  and,  in 
between,  a  transverse  white  stripe  broken 
in  the  middle  and  located  behind  the 
fourth  lateral  spines. 

Note.  Female  and  male  have  been  col- 
lected at  Tuis  hill  top,  and  a  number  of 
males  and  females  come  from  Finca  La 
Selva,  Costa  Rica. 

Diagnosis.  Unlike  similar  species  with 
14  to  16  spines,  the  transverse  bar  of  the 
epigynum  is  straight,  projecting,  and  lacks 
a  posteromedian  lobe  (Fig.  396).  It  is  the 
only  Micrathena  species  in  Central  Amer- 
ica that  has  the  bar  of  the  epigynum  torn 
off,  leaving  behind  a  depression  of  vari- 
able outline  in  posterior  view  (Figs.  399- 
401). 

The  male  can  be  separated  from  others 
of  the  kirbyi  group  with  a  coxal  hook  by 


the  uneven  outline  of  the  tegulum  (above 
the  large  median  apophysis),  by  the  pro- 
jecting, sclerotized  conductor  forming  a 
hook  above  the  tip  of  the  embolus,  and  by 
the  shape  of  the  paracymbium  (Figs.  403, 
404). 

Natural  History.  Females  had  their 
webs  in  low  vegetation  in  dense  jungle  at 
Turrialba  (Plate  1). 

Distribution.  Nicaragua  to  western 
Panama  (Map  6). 

Records.  NICARAGUA:  Musawas, 
Waspuc  Riv.,  S  (B.  Malkin,  AMNH).  COS- 
TA RICA:  Guanacasta  Prov.  Tilaran,  9 
(MZCR).  Heredia.  Finca  La  Selva,  nr. 
Puerto  Viejo,  50  m,  common,  9,  6  (MCZ). 
Limon.  Waldeck  Farm,  9  (NMW);  Ham- 
burg Farm,  69  (NMW).  Cartago.  Turrial- 
ba, 99  (AMNH,  CAS,  EPC,  CUC);  Navar- 
ro, 9  (MZCR);  Tuis,  hill  top,  9,  S  (MCZ). 
San  Jose.  San  Jose,  59  (NMW);  Braulio 
Carillo  Natl.  Park,  29  (MCZ).  Puntarenas. 
Monteverde,  1,580  m,  39,  5,  imm.  (MCZ). 
PANAMA:  Bocas  del  Toro  Prov.  Corrie- 
tite  Grandes,  nr.  Changuinola,  9  (UPMI). 
Chiriqui.  La  Fortuna  Dam  site,  Sept.  1976, 
9  (M.  Robinson,  MCZ). 

Micrathena  tenca  new  species 
Figures  405-409;  Map  6 

Holotype.  Female,  three  female  paratypes  from 
Catherinas  [?=Catarinita,  15°54'N  92°54'W],  Chia- 
pas, 1,400  m  el.,  14-22  May  1942  (H.  Wagner, 
AMNH),  one  paratype  (MCZ).  The  specific  name 
is  a  noun  in  apposition  after  the  Indian  tribe  of  the 
region. 

Description.  Female.  Carapace  orange, 
black  on  sides.  Sternum,  legs  orange.  Dor- 
sum of  abdomen  white,  without  pigment 


Figures  394-404.  Micrathena  molesta  Chickering.  394-401.  Female.  394.  Lateral.  395.  Dorsal.  396,  399.  Epigynum,  ventral. 
397,  400.  Epigynum,  posterior.  398,  401.  Epigynum,  lateral.  399,  400,  401.  Bar  and  lobe  torn  off.  402,  403.  Male.  402.  Dorsal. 
403.  Left  palpus,  mesal.  404.  Palpus,  lateral. 

Figures.  405-409.  Micrathena  lenca  n.  sp.,  female.  405.  Lateral.  406.  Dorsal.  407.  Epigynum,  ventral.  408.  Epigynum,  poste- 
rior. 409.  Epigynum,  lateral. 

Figures  410-417.  Micrathena  tziscaon.  sp.  410-414.  Female.  410.  Lateral.  411.  Dorsal.  412.  Epigynum,  ventral.  413.  Epig- 
ynum, posterior.  414.  Epigynum,  lateral.  415-417.  Male.  415.  Dorsal.  416.  Palpus,  mesal.  417.  Palpus,  ventral. 

Scale  lines.  0.1  mm,  except  Figures  394,  395,  402,  405,  406,  410,  411,  415,  1.0  mm. 
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on  sides  and  posteriorly;  indistinct  black 
patch  on  each  side  and  on  each  side  of 
posterior  face  of  triple  spine;  sides  with 
black  pigment,  venter  orange  with  eight 
sclerotized  areas  darker  orange.  Carapace 
with  three  pairs  of  dimples,  distinct  tho- 
racic depression  and  high  thorax.  Poste- 
rior median  eyes  1.5  diameters  of  anterior 
medians;  laterals  slightly  smaller  than  an- 
terior median  eyes.  Abdomen  subtrape- 
zoidal  with  a  pair  of  spines  overhanging 
carapace  anterior,  and  a  posterolateral  ex- 
tension bearing  three  spines  (Figs.  405, 
406).  Total  length,  6.5  mm.  Carapace,  2.3 
mm  long,  1.9  mm  wide.  First  femur,  2.4 
mm;  patella  and  tibia,  2.5  mm;  metatar- 
sus, 1.3  mm;  tarsus,  0.6  mm.  Second  pa- 
tella and  tibia,  2.2  mm;  third,  1.3  mm. 
Fourth  femur,  2.6  mm;  patella  and  tibia, 
2.2  mm;  metatarsus,  1.6  mm;  tarsus,  0.7 
mm. 

Diagnosis.  This  eight-spined  species  dif- 
fers from  all  others  by  the  globular  epig- 
ynum  having  two  light  impressions  pos- 
teriorly (Figs.  407,  409)  and  a  sclerite  on 
each  side  in  posterior  view  (Fig.  408).  The 
similar  M.  tziscao  has  14  spines  and  dif- 
fers in  details  of  the  epigynum. 

Micrathena  tziscao  new  species 
Figures  410-417;  Map  6 

Types.  Female  holotype  from  Laguna  Tziscao,  Mon- 
tobello,  Chiapas  [16°05'N,  91°40'W],  Mexico  with 
female,  male  and  juvenile  paratypes,  17-18  Aug. 
1973  (P.  Brignoli,  MCZ).  The  species  name  is  a 
noun  in  apposition  after  the  type  locality. 

Description.  Female.  Carapace  orange, 
gray  on  each  side.  Sternum,  legs  orange. 
Coxae  slightly  lighter  than  sternum.  Dor- 
sum of  abdomen  white  with  black  edge 
on  each  side  and  posteriorly;  sides  and 
venter  black  with  two  indistinct  light 
patches  on  each  side  of  spinnerets.  Cara- 
pace with  three  pairs  of  quite  indistinct 
dimples  and  distinct  thoracic  depression; 
thorax  high.  Posterior  median  eyes  slight- 
ly larger  than  others,  which  are  subequal. 
Abdomen  subtriangular  with  fourteen 
spines,  two  overhanging  carapace  in  front, 
three  pairs  on  sides,  a  pair  of  double  spines 


posterolaterally  with  a  small  spine  below 
(Figs.  410,  411).  Total  length,  6.7  mm. 
Carapace,  2.7  mm  long,  2.0  mm  wide. 
First  femur,  2.6  mm;  patella  and  tibia,  2.7 
mm;  metatarsus,  1.4  mm;  tarsus,  0.7  mm. 
Second  patella  and  tibia,  2.4  mm;  third, 
1.4  mm.  Fourth  femur,  2.8  mm;  patella 
and  tibia,  2.4  mm;  metatarsus,  1.7  mm; 
tarsus,  0.7  mm. 

Male.  Carapace  orange,  gray  on  sides. 
Sternum,  legs  orange.  Dorsum  of  abdo- 
men whitish  with  black  on  sides  and  pos- 
terior edge;  sides  black  (Fig.  415);  venter 
with  black  posterior  to  spinnerets;  anterior 
orange  with  some  gray  pigment.  Posterior 
median  eyes  slightly  larger  than  others; 
posterior  laterals  slightly  smaller  than  an- 
terior median  eyes.  First  coxa  with  hook, 
second  femur  with  groove  proximally. 
Sides  of  abdomen  almost  parallel.  Total 
length,  4.6  mm.  Carapace,  1.7  mm  long, 
1.3  mm  wide.  First  femur,  1.7  mm;  pa- 
tella and  tibia,  1.9  mm;  metatarsus,  1.0 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  1.6  mm;  third,  0.9  mm.  Fourth  fe- 
mur, 1.8  mm;  patella  and  tibia,  1.4  mm; 
metatarsus,  1.0  mm;  tarsus,  0.5  mm. 

Note.  It  has  been  difficult  to  decide  on 
the  homology  of  sclerites  around  the  em- 
bolus. The  embolus  is  covered  by  a  scler- 
otized terminal  apophysis;  below,  proxi- 
mally is  a  projecting  sclerite  that  is 
probably  part  of  the  conductor  (Fig.  416). 
The  median  apophysis  lobe  "hangs  down" 
and  resembles  that  found  in  the  genus 
Eustala  (Figs.  416,  417). 

Diagnosis.  Females  differ  from  M.  len- 
ca  by  having  14  spines  on  the  abdomen 
(Figs.  410,  411),  and  by  the  transverse 
swelling  of  the  epigynum  (Figs.  412-414). 
The  unique  shape  of  the  median  apoph- 
ysis (Figs.  416,  417)  separates  the  male 
from  all  others  known. 

Micrathena  clypeata  (Walckenaer) 
Plate  2;  Figures  418-425;  Map  6 

Epeira  clypeata  Walckenaer,   180.5:  67.   Specimens 

without  locality,  lost. 
Acrosoma  clypeatus:—C.  L.  Koch,  1838:  38,  pi.  272,  9. 
Micrathena  clypeata: — Reimoser,  1917:  90,  pi.  2,  fig. 
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3,  9.  Roewer,  1942:  955.  Bonnet,  1957:  2864. 
Chickering,  1961:  400,  figs.  14-20,  2,  S. 
Micrathena  planata  Chamberlin  and  Ivie,  1936:  54, 
pi.  15,  figs.  132,  133,  9,  6.  Female  holotype  from 
Barro  Colorado  Island,  Panama  (AMNH),  exam- 
ined. First  synonymized  by  Mello-Leitao,  1945b: 
267. 

Description.  Female  from  Panama. 
Carapace,  sternum  orange.  Legs  dark 
brown.  Abdomen  orange-brown,  lateral 
edges  blackish,  spines  black.  Carapace 
with  three  pairs  of  dimples  and  a  circular 
thoracic  depression.  Dorsum  of  abdomen 
flat,  with  sclerotized  disks  and  minute 
granulations,  more  distinct  on  venter;  three 
thorns  posteriorly  on  each  side,  and  one 
on  each  lateral  margin.  Ring  around  spin- 
nerets with  anterior  tubercle  (Figs.  418, 
419).  Total  length,  8.6  mm.  Carapace,  3.4 
mm  long,  2.9  mm  wide.  First  femur,  2.9 
mm;  patella  and  tibia,  3.2  mm;  metatar- 
sus, 1.7  mm;  tarsus,  0.7  mm.  Second  pa- 
tella and  tibia,  3.0  mm;  third,  2.0  mm. 
Fourth  femur,  3.2  mm;  patella  and  tibia, 
2.9  mm;  metatarsus,  1.8  mm;  tarsus,  0.7 
mm. 

Male.  Coloration  like  female.  Carapace 
with  three  pairs  of  dimples  and  a  median 
thoracic  depression  (Fig.  423).  First  coxa 
with  hook,  second  femur  with  groove.  First 
leg  with  long  macrosetae  on  first  tibia, 
some  longer  macrosetae  on  second  tibia; 
fourth  femur  with  tubercles.  Total  length, 
4.0  mm.  Carapace,  1.9  mm  long,  1.5  mm 
wide.  First  femur,  1.7  mm;  patella  and 
tibia,  1.8  mm;  metatarsus,  0.9  mm;  tarsus, 
0.4  mm.  Second  patella  and  tibia,  1.5  mm; 
third,  1.0  mm.  Fourth  femur,  1.5  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.7 
mm,  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  8.6  to  10.3  mm,  males  from  3.7  to 
4.2  mm. 

Note.  Females  and  males  have  been 
collected  together  on  Barro  Colorado  Is- 
land, Guyana  and  Suriname.  The  abdo- 
men of  half -grown  females  is  like  that  of 
adults,  with  four  spines  on  the  edge  of  the 
flat  abdomen. 

Diagnosis.  There  are  no  other  Micra- 
thena females  with  a  flat  abdomen  having 


four  pairs  of  thorns  along  the  edge  (Figs. 
418,  419).  The  male  is  distinguished  by 
the  large  sclerotized  prong  of  the  median 
apophysis  (Fig.  424),  and  the  flat  para- 
cymbium  (Fig.  425). 

Natural  History.  Specimens  have  been 
collected  in  forest  savanna  in  Guyana  and 
in  forest  in  Suriname.  An  orb  measured  in 
Suriname  by  D.  Smith  had  a  diameter  of 
22  cm  and  was  85  cm  above  the  ground. 

Distribution.  Panama  to  Peru,  Amazon 
drainage  (Map  6). 

Records.  PANAMA:  Prov.  Panama. 
Barro  Colorado  Island  (many  records); 
Pipeline  Road.  VENEZUELA:  Est.  Ara- 
gua.  Rancho  Grande,  49  (MACN).  GUY- 
ANA: Bartica  Distr.  Kartabo,  9  (CUC); 
Mackenzie,  Demerara  River,  9  (CUC). 
Mazaruni,  Pakaraima  Mts.,  9  (CUC).  Min- 
nehaha Creek,  9  (CUC).  Canje,  Ikuruwa 
Riv.,  39,  $  (MCZ).  SURINAME:  Zanderij 
Isl.,  9  (CUC).  Saramacca.  Voltzberg- 
Raleighvallen  Res.,  99,  S  (MCZ).  Mo- 
engo,  Cottica  River,  9  (CUC).  Gordua,  9 
(ZMB).  Paramaribo,  9  (ZMB).  FRENCH 
GUIANA:  St.  Laurent  de  Maroni,  39 
(PAN).  COLOMBIA:  Est.  Vaupes.  Rio 
Vaupes,  9  (AMNH).  Caquetd.  Rio  Orte- 
guaza,  49  (AMNH).  Putumayo.  Rio  Pu- 
tumayo,  ca.  Pto.  Asis,  9  (MCZ);  San  An- 
tonio, Rio  Guamues,  imm.  (MCZ).  Narino. 
Barbacoas,  9  (MCZ).  ECUADOR:  Prov. 
Pichincha.  km  113  via  Pto.  Quito,  9,  SS 
(MECN).  Napo.  Rio  Napo,  29  (MCZ);  R. 
F.  Cuyabeno,  39  (MECN).  PERU:  Dept. 
Amazonas.  Rio  Alto  Maranon  betw.  Rio 
Cenepa  and  Rio  Nieva,  9  (AMNH).  Lo- 
reto.  Iquitos,  69  (MCZ).  San  Martin.  Mo- 
yobamba,  9  (AMNH).  Hudnuco.  Diviso- 
ria,  9  (AMNH);  Cucharas,  many  9  (EPC). 
Junin.  Amable  Maria,  9,  S  (PAN).  Rio 
Bombo,  Alto  Tapiche,  9  (AMNH).  BRA- 
ZIL: Est.  Para.  Caninde,  Rio  Gurupi,  9 
(AMNH);  Cachoeira,  9  (ICSP);  Belem,  29 
(MACN,  NMW);  Santarem,  9  (NMW);  Rio 
Tapajos,  9  (INPA).  Amazonas.  Tefe,  29,  S 
(MCZ,  IBSP);  mouth  of  Rio  Embira  and 
Rio  Jurua,  9  (AMNH);  45  km  N  Manaus, 
9,  S  (INPA);  Manaus,  69,  3  (MCZ,  MZSP, 
IBSP,  NRS,  MEG);  20  km  N  Manaus,  29 
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(NRS);  Rio  Autas,  Cururuzinho,  29  (NRS); 
Rio  Negro,  Umaritubo,  11$  (NRS);  Tara- 
cua,  9  (NRS);  Rio  Autas,  Capiranga,  9 
(NRS);  Lago  Jacare,  Rio  Solimoes,  29 
(MZSP).  Rondonia.  Porto  Velho,  29 
(MCZ);  Abuna,  9  (MCZ);  Vila  Murtinho, 
39  (MCZ). 

The  triangularispinosa  Group 

The  triangularispinosa  group  is  char- 
acterized in  both  sexes  by  a  shiny,  dome- 
shaped  carapace  having  only  an  indistinct 
thoracic  mark  (Figs.  432,  433,  471,  473, 
498,  499).  The  abdomen  of  females  is  sub- 
triangular  in  all  species  (except  trapezoi- 
dal M.  schenkeli  and  M.  ucayali).  All  ex- 
cept M.  ornata  have  four  to  eight  spines; 
all  have  a  large  anterior  pair  of  spines 
overhanging  the  carapace  and  a  large  pair 
of  dorsal,  posterior  spines  (Figs.  433,  449, 
481,  509).  In  addition  there  may  be  a  pair 
of  usually  small  lateral  spines  and  a  pair 
of  small  posterior  spines.  The  epigynum  is 
a  large  bulge  with  a  small  posteromedian 
lobe  or  tip.  There  is  no  transverse  bar.  The 
opening  is  a  slit  on  the  posterior  face,  of 
variable  shape  in  most  species  (Figs.  434- 
436,  458-463). 

Males  have  a  shiny,  dome-shaped  car- 
apace like  females  and  a  short,  rectangu- 
lar to  trapezoidal  abdomen  (Figs.  437,  477, 
495),  slightly  wider  behind  than  in  front. 
All  lack  a  hook  on  the  first  coxa  and  the 
corresponding  groove  on  the  second  fe- 
mur. The  palpus  has  a  relatively  straight 
to  slightly  curved  embolus.  A  lobe  in  the 
center  of  the  median  face  is  assumed  to 
be  the  paramedian  apophysis,  and  a  char- 
acteristic median  apophysis  is  present, 
consisting  of  two  almost  equal  sized  areas, 
one  overlapping  the  other,  and  both 
weakly  sclerotized  (Figs.  7,  438,  467,  496; 
except  in  M.  acuta  and  and  M.  flaveola, 
where  the  structure  is  simpler.  Figs.  8,  504, 
517).  Secondarily  some  sclerites  have  been 
lost:  the  paramedian  apophysis  and  the 
median  apophysis. 

Diagnostic  features  for  females  in  the 
group  are  the  number  of  abdominal  spines, 
the  shape  of  the  sternum  (Fig.  510),  and 


the  shape  of  the  epigynum  and  its  lobe. 
In  males,  diagnostic  features  are  the  shape 
of  the  paracymbium  (Figs.  455,  468,  479, 
520)  and  the  shape  of  the  median  apoph- 
ysis (Figs.  7,  438). 

Key  to  the  triangularispinosa  Group 

Females 

1.         Sternum  dome-shaped,  bulging  (Fig.  510) 

2 

-  Sternum  flat 3 

2(1)     Six  spines  on  abdomen  (Figs.  498,  499); 

widespread,  Map  7  acuta 

Eight  spines  on  abdomen  (Figs.  508,  509); 

widespread.  Map  7  flaveola 

3(1)  Abdomen  with  only  the  four  large  spines 
(Figs.  426,  427);  Est.  Goias,  Brazil  to 
northern  Argentina,  Map  7  ....  peregrinatora 

Abdomen  with  6,  8  or  12  spines 4 

4(3)  Abdomen  with  12  spines  (Fig.  522);  south- 
eastern Brazil,  Map  7  ornata 

-  Abdomen  with  6  or  8  spines 5 

5(4)     Abdomen  with  6  spines  (figs.  440,  441,  456, 

457,  480,  481)  6 

Abdomen  with  8  spines  (Figs.  448,  449, 

471,  472,  490,  491)  8 

6(5)  Abdomen  with  two  pairs  of  relatively  large 
posterior  spines  (Figs.  480,  481);  epigy- 
num tip  a  semicircular  lobe  (Fig.  482) 
often  torn  off  (Fig.  485);  widespread. 
Map  7 schenkeli 

-  Abdomen  with  one  pair  of  large  posterior 

spines  and  a  pair  of  tiny  lateral  spines 
7 

7(6)  Epigynum  tip  tripartite  (with  two  parax- 
ial grooves.  Fig.  434);  southeastern  Bra- 
zil, Map  7 jundiai 

Epigynum  tip  entire,  usually  with  a  light 
central  area  on  posterior  face  (Fig.  459); 
widespread.  Map  7  evansi 

8(5)     Anterior  of  epigynal  bulge  flat  in  profile 

(Fig.  452);  Colombia,  Map  7  bicolor 

Epigynum  with  bulge  rounded  in  profile 
(Figs.  476,  494) 9 

9(8)  Lower  posterior  spines  almost  as  large  as 
upper  posterior  spines  (Figs.  490,  491); 

upper  Amazon,  Peru,  Brazil,  Map  7 

ucayali 

Lower  posterior  spines  smaller  than  upper 
ones  (Figs.  440,  441,  471,  473) 10 

10(9)   Epigynum  in  ventral  view  sculptured  with 
two  paraxial  grooves  (Fig.  442);  south- 
eastern Brazil,  Paraguay,  Map  7     annulata 
Epigynum  not  so  sculptured,  with  tiny  lobe 

(Fig.  474);  widespread.  Map  7  

triangularispinosa 

Males 

Males  of  M.  ornata  and  M .  peregrinatora  are  un- 
known; male  of  M.  bicolor  uncertain  association. 
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Map  7.     Distribution  of  Micrathena  species  of  the  thangularlspinosa  group. 
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1.  Tegulum    of    palpus    bulging,    extending 

distally  (Figs.  504,  519) _ 2 

Tegulum  without  distal  bulge  (Figs.  438, 
454) 3 

2(1)  Sculptured  area  of  cymbium  same  size  as 
facing  paracymbium  (Fig.  505);  wide- 
spread, Map  7  acuta 

-  Sculptured  area  of  cymbium  much  larger 

than  facing  paracymbium  (Figs.  8,  518, 

520);  widespread.  Map  7  flaveola 

3(1)     Cymbium  with  a  proximal  dorsal  bulge 

(Figs.  488,  489);  widespread.  Map  7  

._ schenkeli 

-  Cymbium  otherwise  4 

4(3)     Paramedian  apophysis  a  narrow,  curved 

lobe  (Figs.  438,  446,  469) 5 

-  No  such  lobe  present  (Fig.  454);  palpus  as 

in  Figures  454,  455  

suspected  male  of  bicolor 

5(4)  Paracymbium  pointed  toward  dorsum 
(Fig.  439);  southeastern  Brazil,  Map  7  .. 
jundiai 

-  Paracymbium  otherwise  6 

6(5)  Paracymbium  with  a  concave  surface  to- 
ward dorsum  (Figs.  466,  468,  470); 
widespread,  Map  7  evansi 

Paracymbium  otherwise  7 

7(6)     Paracymbium   with  a  dorsal   hook   (Fig. 

479);  widespread.  Map  7  

triangularispinosa 

-  Paracymbium  otherwise  8 

8(7)     Paracymbium    as   in    Figure    497;    upper 

Amazon,  Peru,  Brazil,  Map  7  ucayali 

-  Paracymbium   as   in    Figure   447;    south- 

eastern Brazil,  Paraguay,  Map  7  ...  annulata 

Micrathena  pereghnatora  (Holm berg) 
Figures  426-431 ;  Map  7 

Acrosoma   peregrinatorum    Holmberg,    1883:    232. 

Probably  immature  female  type  from  Formosa, 

Argentina,  lost. 
Micrathena  peregrinatorum: — Reimoser,  1917:  152. 

Roewer,  1942:  961.  Bonnet,  1957:  2873. 

Description.  Female.  Carapace  orange- 
brown  with  a  median  gray  streak.  Ster- 
num white,  framed  by  some  gray   pig- 


ment. Coxae  darker;  distal  leg  articles 
orange-brown  with  longitudinal  dusky 
lines.  Dorsum  of  abdomen  with  black  and 
white  patches,  sides  with  dorsoventral  lines 
of  white  patches  with  gray;  venter  white 
and  gray  patches.  Carapace  evenly  domed, 
with  indistinct  thoracic  depression.  Ab- 
domen triangular  with  four  spines,  two 
overhanging  carapace  and  two  posterior 
(Figs.  426,  427).  Total  length,  6.0  mm. 
Carapace,  2.4  mm  long,  1.9  mm  wide. 
First  femur,  1.9  mm;  patella  and  tibia,  1.9 
mm;  metatarsus,  1.2  mm;  tarsus,  0.6  mm. 
Second  patella  and  tibia,  1.8  mm;  third, 
1.4  mm.  Fourth  femur,  2.5  mm;  patella 
and  tibia,  1.9  mm;  metatarsus,  1.3  mm; 
tarsus,  0.6  mm. 

Variation.  Females  vary  in  total  length 
from  5.7  to  5.9  mm.  Some  individuals  have 
a  minute  pair  of  spines  underneath  the 
posterior  ones. 

Note.  The  male  is  unknown. 

Diagnosis.  The  presence  of  only  four 
spines  (Figs.  426,  427)  separates  this  species 
from  all  others  of  the  triangularispinosa 
group. 

Distribution.  Southern  Brazil  to  north- 
ern Argentina  (Map  7). 

Records.  BRAZIL:  Est.  Goids.  Corum- 
ba,  Aug.  1952,  9  (F.  Lane,  MZSP);  Jatai, 
Oct.  1962,  49  (Exp.  MZSP).  Minas  Gerais. 
Cachoeira  do  Marimbondo,  4  March  1965, 
9  (Vizotto,  MZSP).  Mato  Grosso  do  Sul. 
Tres  Lagoas,  Nov.  1966,  9  (F.  Lane, 
MZSP),  28  July  1965,  9  (K.  Lenko,  MZSP). 
PARAGUAY:  1891-1893,  9  (Dr.  Bohls, 
BMNH).  Dept.  Central.  Aregua,  18  Feb. 
1982,  9  (B.  Barrios,  JAK).  Alto  Parana. 
Taguarazapa,  imm.  (AMNH).  ARGEN- 
TINA: Prov.  Salta.  Salta,  1907,  29  (E.  Rei- 


Figures  418-425.     Micrathena  clypeata  (Walckenaer).  418-422.  Female.  418.  Lateral.  419.  Dorsal.  420.  Epigynum,  ventral. 
421    Epigynum,  posterior.  422.  Epigynum,  lateral.  423-425.  Male.  423.  Dorsal.  424.  Left  palpus,  mesal.  425.  Palpus,  lateral. 

Figures  426-431 .     Micrathena  pereghnatora  (Holmberg),  female.  426.  Lateral.  427.  Dorsal.  428.  Epigynum,  ventral.  424.  Epig- 
ynum, posterior.  430.  Epigynum,  lateral.  431 .  Epigynum  with  lobe  torn  off. 

Figures  432-439.     Micrathena  jundiai  n.  sp.  432-436.  Female.  432.  Lateral.  433.  Dorsal.  434.  Epigynum,  ventral.  435.  Epigy- 
num, posterior.  436.  Epigynum,  lateral.  437-439.  Male.  437.  Dorsal.  438.  Palpus,  mesal.  439.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  418,  419,  423,  426,  427,  432,  433,  437,  1.0  mm. 
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moser,  NMW).   Chaco.   Resistencia,  July 
1934,  9  (Hayward,  MZSP). 

Micrathena  jundiai  new  species 
Figures  432-439;  Map  7 

Holotype.  Female  and  immature  paratype  from  Sao 
Paulo  [Enenheiro  Marsilac,  Est.  Sao  Paulo],  Brazil, 
27  Nov.  1960  (no.  8307,  MZSP).  The  name  is  a 
noun  in  apposition  after  Jundiai,  a  collecting  site 
near  Sao  Paulo. 

Description.  Female.  Carapace  yellow, 
darker  in  midline  and  on  sides.  Sternum 
white  with  black  line  on  each  side.  Coxae 
yellowish.  Legs  yellowish,  distally  brown 
with  darker  longitudinal  streaks.  Dorsum 
of  abdomen  whitish;  posterior  dorsal  spines 
black;  venter  with  black  patch  between 
epigynum  and  spinnerets;  sclerotized  areas 
brown.  Carapace  without  thoracic  depres- 
sion. Posterior  median  eyes  twice  diame- 
ter of  anterior  medians;  anterior  laterals 
1.2  diameters;  posterior  laterals  subequal 
to  anterior  median  eyes.  Abdomen  sub- 
triangular  with  six  spines  (Figs.  432,  433). 
Total  length,  5.3  mm.  Carapace,  2.2  mm 
long,  1.7  mm  wide.  First  femur,  2.0  mm; 
patella  and  tibia,  2.2  mm;  metatarsus,  1.2 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  1.9  mm;  third,  1.2  mm.  Fourth  fe- 
mur, 2.6  mm;  patella  and  tibia,  1.9  mm; 
metatarsus,  1.4  mm;  tarsus,  0.7  mm. 

Male  from  Rio  de  Janeiro.  Carapace, 
sternum  dark  brown.  Sternum  with  or- 
ange transverse  mark  anteriorly.  Coxae 
orange,  distal  articles  of  legs  brown.  Dor- 
sum of  abdomen  orange-brown  with  five 
white  spots  and  indistinct  black  patches; 
venter  black.  Carapace  smooth  without 
depression.  Posterior  median  eyes  twice 
the  diameter  of  anterior  medians;  laterals 
subequal  to  anterior  median  eyes.  No  cox- 
al  hook.  Abdomen  trapezoidal  (Fig.  437). 
Total  length  3.9  mm.  Carapace,  1.8  mm 
long,  1.1  mm  wide.  First  femur,  1.3  mm; 
patella  and  tibia,  1.2  mm;  metatarsus,  0.7 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.0  mm;  third,  0.8  mm.  Fourth  fe- 
mur, 1.4  mm;  patella  and  tibia,  1.2  mm; 
metatarsus,  0.8  mm;  tarsus,  0.5  mm. 
Variation.  Females  vary  in  total  length 


from  5.3  to  7.0  mm,  males  from  3.2  to  4.2 
mm. 

Note.  Males  and  females  have  been  col- 
lected together  at  several  localities. 

Diagnosis.  The  female  is  separated  from 
other  six-spined  species  by  the  sculpturing 
of  the  epigynum  (Figs.  434,  435).  Mi- 
crathena annulata,  with  similar  sculptur- 
ing, has  eight  spines. 

Distribution.  Southeastern  Brazil  (Map 

7). 

Paratypes.  BRAZIL:  Est.  Espirito  San- 
to. Castelo,  Nov.  1976,  26  (M.  Alvarenga, 
AMNH);  Guarapari,  12  Oct.  1943,  S 
(Soares,  MZSP).  Rio  de  Janeiro.  Floresta 
dos  Macacos,  April  1961,  26  (M.  Alva- 
renga, AMNH);  Sumare,  200-300  m,  Feb. 
1946,  39  (H.  Sick,  AMNH);  Paineiras,  30 
March  1983,  9  (H.  and  L.  Levi,  MCZ); 
Represa  Rio  Grande,  Feb.  1976,  6  (M.  Al- 
varenga); Itatiaia,  Dec.  1966,  9  (H.  Rei- 
chardt,  MZSP).  Sao  Paulo.  Itu,  2  Feb. 
1959,  9,  6  (F.  Lane,  AMNH);  Caraguata- 
tuba.  May  1962,  9  (MZSP);  Salesopolis,  1 
Feb.  1961,  9,  6  (K.  Lenko,  MZSP);  Jundiai, 
Nov.  1976,  9  (A.  Schneble,  MCZ);  Ipo- 
ranga,  1  Nov.  1961,  9,  6  (Lenko  and  Rein- 
hardt,  MZSP);  Ilho  Sao  Sebastiao,  1  Feb. 
1952,  6  (Werner,  MZSP);  Sao  Paulo,  27 
Nov.  1960,  9  (Werner,  MZSP);  Sao  Sebas- 
tiao, 3  June  1961,  29  (K.  Lenko,  MZSP). 
Rio  Grande  do  Sul.  Torres,  21  Nov.  1976, 
6  (A.  Lise,  FZRS);  Irai,  20  Nov.  1975,  79, 
6,  imm.  (A.  Lise,  FZRS). 

Micrathena  annulata  Reimoser 
Figures  440-447;  Map  7 

Micrathena  annulata  Reimoser,  1917:  149,  pi.  9,  fig. 
31,  2.  Roewer,  1942:  953.  Bonnet,  1957:  2861.  Nine 
female,  one  juvenile  syntypes  from  Est.  Santa  Ca- 
tarina,  Brazil  (ZMW),  examined.  Roewer,  1942: 
653.  Bonnet,  1957:  2861. 

Description.  Female  from  Paraguay. 
Carapace,  head  dark  brown,  thoracic  area 
with  median  narrow  longitudinal  dark 
band;  posterior  and  sides  of  thorax  dark 
brown;  other  areas  lighter  brown.  Ster- 
num brown.  Legs  brown  with  longitudi- 
nal dark,  dusky  stripes  on  tibiae.  Dorsum 
of  abdomen  yellow-white,  posterior  spines 
black;  venter  black.  Carapace  high,  shiny. 
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Figures  440-447.  Micrathena  annulata  Reimoser.  440-444.  Female.  440.  Lateral.  441.  Dorsal.  442.  Epigynum,  ventral.  443. 
Epigynum,  posterior.  444.  Epigynum,  lateral.  445-447.  Male.  445.  Dorsal.  446.  Left  palpal  bulb,  mesal.  447.  Paracymbium, 
mesal. 


Figures  448-455.     Micrathena  t»/co/or  (Keyserling).  448-452.  Female.  448.  Lateral.  449.  Dorsal.  450.  Epigynum,  ventral.  451. 
Epigynum,  posterior.  452.  Epigynum,  lateral.  453-455.  Male.  453.  Dorsal.  454.  Palpus,  mesal.  455.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  440,  441,  445,  448,  449,  453,  1.0  mm. 
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evenly  curved,  without  any  depression. 
Abdomen  with  one  small  spine  on  each 
side  between  anterior  and  posterior  spines 
and  one  pair  below  posterior  spines  (Figs. 
440,  441).  Total  length,  6.3  mm.  Cara- 
pace, 2.4  mm  long,  1.9  mm  wide.  First 
femur,  2.2  mm;  patella  and  tibia,  2.2  mm; 
metatarsus,  1.2  mm;  tarsus,  0.6  mm.  Sec- 
ond patella  and  tibia,  2.1  mm;  third,  1.4 
mm.  Fourth  femur,  2.7  mm;  patella  and 
tibia,  2.2  mm;  metatarsus,  1.5  mm;  tarsus, 
0.7  mm. 

Male.  Carapace  dark  brown.  Sternum 
with  black  and  white  pigment.  Coxae  col- 
orless; distal  leg  articles  darker.  Dorsum 
of  abdomen  spotted  white.  Carapace 
domed,  without  thoracic  mark.  No  coxal 
hook.  Total  length,  4.1  mm.  Carapace,  1.9 
mm  long,  1.2  mm  wide.  First  femur,  1.4 
mm;  patella  and  tibia,  1.4  mm;  metatar- 
sus, 0.9  mm;  tarsus,  0.5  mm.  Second  pa- 
tella and  tibia,  1.3  mm;  third,  0.9  mm. 
Fourth  femur,  1.7  mm;  patella  and  tibia, 
1.4  mm;  metatarsus,  0.9  mm;  tarsus,  0.5 
mm. 

Variation.  Females  vary  in  total  length 
from  4.8  to  6.3  mm. 

Note.  The  only  male  in  collection  was 
with  six  immatures,  and  had  both  palps 
expanded,  thus  drawings  could  be  made 
only  of  the  bulb  without  cymbium  (Fig. 
446),  and  of  the  paracymbium  (Fig.  447), 
these  perhaps  not  in  comparative  posi- 
tions. 

Diagnosis.  This  species  can  be  separat- 
ed from  others  of  the  triangularispinosa 
group  with  eight  spines  by  the  sculpturing 
of  the  epigynum  (Figs.  442,  443),  which 
is  like  that  of  the  six-spined  M.  jundiai. 
The  paracymbium  of  the  male  (Fig.  447) 
is  distinct. 

Distribution.  Southern  Brazil  (Map  7). 


Records.  BRAZIL:  Est.  Espirito  Santo. 
Rio  Sao  Jose,  14  Sept.  1942,  9  (B.  Scares, 
MZSP).  Sao  Paulo.  Juquia,  21-26  Aug. 
1949,  6  imm.,  6  (F.  Lane,  MZSP).  Parana. 
Paranagua,  9  (MNRJ).  PARAGUAY:  Con- 
cepcion.  Territory  Fonciere,  29  (E.  Rei- 
moser,  MCZ). 

Micrathena  bicolor  (Keyserling) 
Figures  448-455;  Map  7 

Acrosoma  bicolor  Keyserling,  1863:  73,  pi.  2,  fig.  6. 
Two  female  syntypes  from  Bogota,  Colombia 
(BMNH),  examined.  1892:  20,  pi.  1,  fig.  16,  2. 

Micrathena  caucaensis  Strand,  1908:  4.  Female  ho- 
lotype  from  Popayan,  Dept.  Cauca,  Colombia 
(SMF),  examined.  NEW  SYNONYMY. 

Micrathena  bicolor: — Reimoser,  1917:  151.  Bonnet, 
1957:  2862. 

Synonymy.  Strand's  specimen  appears 
to  be  the  only  other  female  of  M.  bicolor 
in  collections. 

Description.  Female.  Carapace  brown; 
sides  of  thorax  yellow-brown;  sternum 
black.  Legs  yellow,  distal  articles  brown. 
Dorsum  of  abdomen  yellow,  without  any 
black  or  white  pigment  spots;  sides  with 
black  longitudinal  bands  along  grooves, 
broken  by  yellow  ridges;  venter  with  black 
band  having  almost  parallel  sides,  from 
pedicel  to  spinnerets.  Sclerotized  area  of 
spinnerets  brown-black.  Carapace  high 
and  shiny,  without  thoracic  depression. 
Abdomen  with  eight  spines  (Figs.  448, 
449).  Total  length,  6.5  mm.  Carapace,  2.5 
mm  long,  2.2  mm  wide.  First  femur,  2.3 
mm;  patella  and  tibia,  2.4  mm;  metatar- 
sus, 1.5  mm;  tarsus,  0.7  mm.  Second  pa- 
tella and  tibia,  2.2  mm;  third,  1.6  mm. 
Fourth  femur,  3.2  mm;  patella  and  tibia, 
2.6  mm;  metatarsus,  1.8  mm;  tarsus,  0.8 
mm. 

Male  from  Peru.  Carapace  shiny  dark 


Figures  456-470.  Micrathena  evansi  Chickering.  456-463.  Female.  456.  Lateral.  457.  Dorsal.  458,  461 .  Epigynum,  ventral. 
459,  462.  Epigynum,  posterior.  460,  463.  Epigynum,  lateral.  458-460.  (Trinidad,  West  Indies).  461-463.  (Tefe,  Brazil;  doubtful 
if  M.  evansi).  464-470.  Male.  464.  Dorsal.  465,  467,  469.  Left  palpus,  mesal.  466.  Palpus,  lateral.  468,  470.  Paracymbium, 
lateral.  465,  466.  (Santarem,  Brazil).  467,  468.  (Trinidad,  West  Indies).  469,  470.  (Huanuco,  Peru). 

Figures  471-479.  Micrathena  triangularispinosa  (De  Geer).  471-476.  Female.  471 .  Lateral.  472,  473.  Dorsal.  474.  Epigynum, 
ventral.  475.  Epigynum,  posterior.  476.  Epigynum,  lateral.  477-479.  Male.  477.  Dorsal.  478.  Palpus,  mesal.  479.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  456,  457,  464,  471-473,  477,  1.0  mm. 
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brown,  with  lighter  median  hne  posterior- 
ly. Sternum  orange  with  black  and  white 
pigment  marks.  Legs  brown.  Dorsum  of 
abdomen  orange-brown  with  lighter  tri- 
angular area,  round  lighter  area  anterior 
to  it,  and  black  paired  marks  on  sides  (Fig. 
453);  sides  black,  venter  light  orange- 
brown.  Carapace  with  indistinct  thoracic 
mark,  evenly  curved.  First  coxa  without 
hook.  Sides  of  abdomen  slightly  wavy  (Fig. 
453).  Total  length,  3.9  mm.  Carapace,  1.9 
mm  long,  1.2  m  wide.  First  femur,  1.1 
mm;  patella  and  tibia,  1.2  mm;  metatar- 
sus, 0.6  mm;  tarsus,  0.4  mm.  Second  pa- 
tella and  tibia,  1.0  mm;  third,  0.7  mm. 
Fourth  femur,  1.4  mm;  patella  and  tibia, 
1.0  mm;  metatarsus,  0.7  mm;  tarsus,  0.4 
mm. 

Note.  The  placement  of  the  male  with 
M.  bicolor  is  uncertain.  Both  come  from 
intermediate  altitudes. 

Diagnosis.  This  species  differs  from  all 
others  by  the  extreme  bulge  of  the  epig- 
ynum,  best  seen  in  profile  (Fig.  452),  hav- 
ing its  anterior  face  flat  and  at  right  angles 
to  the  body  axis. 

Record.  PERU:  Dept.  Junin.  Amable 
Maria,  6  (K.  Jelski,  PAN). 

Micrathena  evansi  Chickering 
Figures  456-470;  Map  7 

Micrathena  evansi  Chickering,  1960c:  77,  figs.  41- 
45,  S.  Male  holotype  from  Santarem  forest,  Est. 
Para,  Brazil  (BMNH),  examined. 

?  Micrathena  insolita  Chickering,  1961:  428,  figs. 
94-98,  2.  Juvenile  female  holotype  from  Portobel- 
lo,  Panama  (MCZ),  examined.  DOUBTFUL  NEW 
SYNONYMY. 

Micrathena  lepida  Chickering,  1964:  264,  figs.  30- 
34,  9.  Female  holotype  from  Port  of  Spain,  Trini- 
dad, Lesser  Antilles  (MCZ),  examined.  NEW  SYN- 
ONYMY. 

Micrathena  levii  Chickering,  1964:  267,  figs.  35-40, 
6.  Male  holotype  from  Simla,  Trinidad,  Lesser  An- 
tilles (AMNH),  examined.  NEW  SYNONYMY. 

Synonymy.  No  older  name  has  been 
found  for  this  species.  Micrathena  lepida 
is  the  female  of  evansi  (Figs.  465,  466, 
illustrated  from  holotype);  M.  levii  (Figs. 
467,  468,  illustrated  from  holotype)  has  a 
similar  paracymbium;  the  differences  of 


other  sclerites  in  the  palpus  are  probably 
due  to  geographic  variation. 

Micrathena  insolita  is  not  a  recently 
molted  adult,  as  Chickering  thought,  but 
an  immature.  Last  instar  immatures  in  this 
group  have  often  a  small  tip  in  the  epig- 
ynal  area,  of  the  size  of  this  individual's. 
It  has  also  small,  very  weakly  sclerotized 
seminal  receptacles.  This  might  be  an  im- 
mature of  M.  evansi,  but  there  are  several 
related  six-spined  species.  Only  collecting 
at  the  type  locality  and  finding  adults  will 
ascertain  the  synonymy. 

Description.  Female.  Carapace,  legs  or- 
ange-brown. Sternum  white.  Dorsum  of 
abdomen  white  with  tip  of  spines  black. 
Carapace  high,  domed.  Abdomen  with 
two  anterior  spines  overhanging  carapace, 
two  posterolateral  spines  and  a  small  spine 
on  each  side  in  between  (Figs.  456,  457). 
Total  length,  5.4  mm.  Carapace,  2.3  mm 
long,  1.7  mm  wide.  First  femur,  2.2  mm; 
patella  and  tibia,  2.0  mm;  metatarsus,  1.3 
mm;  tarsus,  0.6  mm.  Second  patella  and 
tibia,  1.9  mm;  third,  1.2  mm.  Fourth  fe- 
mur, 2.7  mm;  patella  and  tibia,  2.0  mm; 
metatarsus,  1.9  mm;  tarsus,  0.6  mm. 

Male  from  Trinidad.  Carapace  orange- 
brown,  sternum  lighter  orange  with  some 
black  pigment.  Legs  orange-brown.  Dor- 
sum of  abdomen  with  white  spots  and 
black  patches.  Carapace  without  thoracic 
mark.  First  coxa  without  hook.  Abdomen 
trapezoidal,  curved  posteriorly  (Fig.  464). 
Total  length,  3.9  mm.  Carapace,  1.8  mm 
long,  1.2  mm  wide.  First  femur,  1.2  mm; 
patella  and  tibia,  1.2  mm;  metatarsus,  0.6 
mm;  tarsus,  0.4  mm.  Second  patella  and 
tibia,  1.1  mm;  third,  0.7  mm.  Fourth  fe- 
mur, 1.4  mm;  patella  and  tibia,  1.0  mm; 
metatarsus,  0.9  mm;  tarsus,  0.5  mm. 

Variation.  Total  length  of  females  var- 
ied from  4.9  mm  to  7.2  mm,  males  from 
3.4  to  4.0  mm.  Some  specimens  have  an 
indistinct  thoracic  mark.  Most  females 
have  an  epigynum  as  in  Figures  458-460. 
A  few  females  have  a  pointed  tip  (Fig. 
461)  and  were  first  thought  to  be  a  distinct 
species  until  intermediates  were  found. 
Does  the  scape  break  off  in  some,  or  is  it 
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just  absent?  Considerable  variation  in  the 
shape  of  seminal  receptacles  prevented  the 
use  of  this  character  to  separate  specimens 
with  truncate  tip  of  the  epigynum  from 
those  with  pointed  tip.  Some  females  have 
a  small  tubercle  or  minute  spine  below  the 
large  posterolateral  spine  on  the  abdomen. 
Are  they  hybrids  of  triangularispinosa? 
Individual  sclerites  on  the  conductor  and 
median  apophysis  of  male  palpi  are  also 
quite  variable  in  shape  (Figs.  465,  467, 
469),  but  the  paracymbium  is  similar  (Figs. 
466,  468,  470). 

Note.  Male  and  female  have  been  col- 
lected together  by  M.  E.  Galiano  in  Be- 
lem.  For  a  while  it  was  thought  the  male 
belonged  to  M.  triangularispinosa,  but 
males  and  females  of  M.  evansi  are  com- 
mon in  Trinidad;  M.  triangularispinosa 
are  not. 

Diagnosis.  Micrathena  evansi  females 
differ  from  other  species  with  an  arched 
carapace  and  flat  sternum  by  having  only 
six  abdominal  spines.  Also,  there  is  usually 
a  light  patch  behind  the  truncate  to  point- 
ed tip  on  the  epigynum  (Fig.  459).  Males 
can  be  separated  from  those  of  M.  trian- 
gularispinosa by  the  concave  side  of  the 
paracymbium  (Figs.  466,  468,  470). 

Natural  History.  The  species  has  been 
collected  in  forest  savanna  in  Guyana  and 
in  forest  at  Belem. 

Distribution.  Trinidad,  widespread  in 
South  America  (Map  7). 

Records.  LESSER  ANTILLES:  Trini- 
dad. Mt.  St.  Benedict,  2  (AMNH);  Mara- 
cas  Valley,  39  (AMNH,  BMNH);  Port  of 
Spain,  29  (MCZ).  VENEZUELA:  Est. 
Monagas.  Caripito,  sev.  39,  6  (AMNH). 
GUYANA:  Canje  Ikuruwa  River,  9,  S 
(AMNH);  nr.  Yupukari,  Rupununi  Riv.,  9 
(AMNH);  Essequibo  River,  9  (BMNH). 
SURINAME:  Marowijne  Distr.  Benz- 
dorp,  Lawa  River,  6  (AMNH).  FRENCH 
GUIANA:  St.  Laurent  de  Maroni,  79 
(PAN);  Cayenne,  43  (PAN),  29  (MCZ). 
COLOMBIA:  Dept.  Meta.  Villavicencio, 
99  (AMNH).  PERU:  Dept.  Hudnuco.  nr. 
Pucallpa,  9  (AMNH);  80  km  NE  of  Hua- 
nuco,  3,000  m,  3  (CAS).  Junin.  Amable 


Maria,  33  (PAN).  Ayacucho.  Monterrico, 

29  (PAN).  BRAZIL:  Est.  Para.  Caninde, 
Rio  Gurupi,  109  (AMNH);  Belem,  99,  23 
(MNRJ,  MCZ);  Jacare-Acanga,  9  (AMNH); 
Santarem,  99  (BMNH);  forest,  Santarem, 
89  (BMNH);  km  305  Rodovia  Belem- 
Brasilia,  3°10'S,  47°30'W,  89  (MZSP). 
Amazonas.  Rio  Autaz,  Capiranga,  29 
(NRS);  Manaus,  Reserva  Ducke,  3  (MEG); 

30  km  NE  Manaus,  9  (INPA);  Tefe 
(BMNH);  Rio  Autas,  Sa.  Amelia,  3  (NRS); 
Umarituba,  Rio  Negro,  9  (NRS).  Ceard.  9 
(MCZ).  Pernambuco.  Mamanguape,  9 
(MZSP).  Mato  Grosso.  Xingu,  Jacare,  89 
(AMNH).  Bahia.  Salvador,  3  (AMNH); 
Uru9uca,  29  (FZRS);  Camacari,  9  (FZRS); 
Itamaraja,  9  (FZRS).  Esptrito  Santa.  Soo- 
retama  [?],  9  (MZSP).  BOLIVIA:  Dept.  La 
Paz.  Chulmani,  1,700  m,  Tungas,  29 
(MCZ). 

Micrathena  triangularispinosa  (De  Geer) 
Figures  471-479;  Map  7 

Aranea  triangularispinosa  De  Geer,  1778:  321,  pi. 
39,  figs.  9,  10,  9.  Female  from  Suriname  (NRS), 
examined. 

Acrosoma  rufa  Taczanowski,  1873:  265,  pi.  5,  fig.  20, 
9.  Female  holotype  from  Cayenne,  French  Guiana 
(PAN),  examined.  NEW  SYNONYMY. 

Acrosoma  acutoides  Taczanowski,  1879:  114,  pi.  1, 
fig.  31,  9.  Female  holotype  from  Amable  Maria 
[Dept.  Junin],  Peru  (PAN),  examined.  NEW  SYN- 
ONYMY. 

Micrathena  perlata: — Simon,  1895:  852.  Male  para- 
lectotype  here  designated  (not  lectotype),  from  Sao 
Paulo  de  Oliven^a  [Est.  Amazonas,  Brazil]  (no.  244, 
MNHN),  examined. 

?  Micrathena  mathani  Simon,  1897b:  468.  Female 
from  Sao  Paulo  de  Oliven^a  [Amazonas,  Brazil] 
and  Pebas,  Peru  (MNHN),  lost.  NEW  SYNONY- 
MY. 

Micrathena  dahli  Reimoser,  1917:  150,  pi.  9,  fig.  32, 
9.  Four  female  syntypes  from  Caracas,  Venezuela 
(two  damaged)  (NMW),  examined.  Roewer,  1942: 
956.  Bonnet,  1957:  2865.  NEW  SYNONYNY. 

Micrathena  acutoides: — Roewer,  1942:  953.  Bonnet, 
1957:  2861. 

Micrathena  munsonae  Archer,  1971:  158,  fig.  8,  9. 
Female  holotype  from  Moyobamba,  Peru  (AMNH), 
examined.  NEW  SYNONYMY. 

Micrathena  spinosa: — Roewer,  1942:  964  (in  part). 
Bonnet,  1957:  2879  (in  part). 

Synonymy.  A  pinned  specimen  of  De 
Geer's  triangularispinosa  was  found  in  the 
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Natural  History  Museum,  Stockholm.  Most 
of  the  exoskeleton  of  the  abdomen,  in- 
cluding the  venter  of  the  epigynum,  ap- 
peared to  have  been  nibbled  away  be  der- 
mestid  beetles.  It  was  carefully  placed  into 
detergent  and  then  into  alcohol,  but  un- 
fortunately fell  apart.  The  shape  of  the 
carapace,  sternum  and  seminal  recepta- 
cles still  visible  make  it  fairly  certain  that 
it  is  this  species.  Linnaeus'  A.  spinosa  is 
not  the  same,  as  thought  by  Reimoser  and 
others,  since  A.  spinosa  is  described  by 
Linnaeus  as  having  eight  dorsal  spines,  the 
last  pair  extending  posteriorly.  Micrathe- 
na  mathani  is  described  as  having  a  flat 
sternum  and  eight  abdominal  spines;  M. 
dahli  also  has  eight  spines.  Both  are  this 
species. 

Description.  Female  from  Peru.  Cara- 
pace orange-brown  with  median  dark  line, 
sides  dark.  Sternum  orange  with  white 
pigment.  Femora  of  legs  orange,  distal  ar- 
ticles black.  Abdomen,  dorsum  white  or 
with  black  pigment  (Figs.  472,  473);  sides 
with  black  grooves,  forming  black  lines; 
venter  with  dark  brown  sclerotized  areas. 
Carapace  evenly  domed.  Abdomen  with 
two  anterior  spines  overhanging  carapace, 
two  large  posterolateral  spines,  and  small 
spine  in  between  on  each  side;  posteriorly, 
another  pair  of  smaller  spines  below  large 
spine  (Figs.  471,  472).  Total  length,  5.5 
mm.  Carapace,  2.0  mm  long,  L6  mm 
wide.  First  femur,  2.0  mm;  patella  and 
tibia,  2.0  mm;  metatarsus,  1.2  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  1.7  mm; 
third,  1.2  mm.  Fourth  femur,  2.5  mm;  pa- 
tella and  tibia,  1.8  mm;  metatarsus,  1.3 
mm;  tarsus,  0.7  mm. 

Male  from  Est.  Para,  Brazil.  Carapace, 
legs  dark  brown,  sternum  brown.  First  two 
pairs  of  coxae  brown,  third  and  fourth 
yellow-white.  Dorsum  of  abdomen  black 
with  a  median  white  patch  and  several 
pairs  of  light  patches;  venter  black.  Car- 
apace with  very  indistinct  shallow  tho- 
racic mark.  Coxal  hook  absent.  Abdomen 
trapezoidal,  sides  slightly  convex  (Fig. 
477).  Total  length,  3.8  mm.  Carapace,  1.8 
mm  long,  1.2  mm  wide.  First  femur,  1.2 
mm;  patella  and  tibia,  1.2  mm;  metatar- 


sus, 0.6  mm;  tarsus,  0.4  mm.  Second  pa- 
tella and  tibia,  1.0  mm;  third,  0.7  mm. 
Fourth  femur,  1.4  mm;  patella  and  tibia, 
1.1  mm;  metatarsus,  0.7  mm;  tarsus,  0.4 


mm. 


Variation.  Females  vary  in  total  length 
from  5.0  to  6.9  mm,  males  from  3.8  to  3.9 
mm.  Females  often  have  a  contrasting 
pattern  on  the  abdomen  (Fig.  473);  some- 
times this  is  absent.  The  sternum  may  be 
white  or  brown.  The  tip  of  the  epigynum 
is  quite  variable;  it  is  always  subtriangular 
and  located  on  the  posterior  slope  of  the 
bulge.  Sometimes  the  tip  has  a  slight  ridge; 
sometimes  it  is  minute  or  completely  ab- 
sent (perhaps  torn  off). 

Note.  Females  have  been  collected  with 
males  in  Manaus  by  M.  E.  Galiano  (but 
also  with  a  male  of  M.  evansi).  Males  and 
females  have  also  been  collected  in  the 
Monson  Valley,  Peru. 

Diagnosis.  This  eight-spined  species  dif- 
fers from  M.  flaveola  by  the  flat  sternum, 
and  from  M.  evansi  by  having  one  more 
pair  of  spines,  and  in  the  structure  of  the 
epigynum  (lacking  a  light  area  on  the  pos- 
terior face).  The  paracymbium  of  the  male 
is  more  complex  than  that  of  M.  evansi: 
it  lacks  the  concave  surface  (Fig.  479),  and 
the  curved  conductor  encloses  a  sclero- 
tized dark  structure  (Fig.  478),  not  present 
in  M.  evansi. 

Distribution.  Trinidad  to  Bolivia  (Map 

7). 

Records.  LESSER  ANTILLES:  Trini- 
dad. 9  (MCZ).  VENEZUELA:  Est.  Mo- 
nagas.  Caripito,  9  (AMNH).  GUYANA: 
Bartico  Distr.  Kartabo,  2  (CUC).  SURI- 
NAME:  Saramacca.  Voltzberg-Raleigh- 
vallen  Nature  Res.,  22  (MCZ).  FRENCH 
GUIANA:  Cayenne,  2  (PAN).  COLOM- 
BIA: Dept.  Amazonas.  Leticia,  2  (CNC). 
ECUADOR:  Prov.  Napo.  R.  F.  Cuyabeno, 
2  (MECN).  Tungurahua.  Rio  Topo,  52,  3 
juv.  (EPC).  Morena-Santiago.  Taisha,  530 
m,  2  (MCZ).  Pastaza.  Yacu,  900  m,  2 
(MCZ).  PERU:  Dept.  Loreto.  Iquitos,  92 
(AMNH,  MCZ);  Estiron,  Rio  Ampiacu,  9 
(AMNH);  Rio  Samiria,  2  (AMNH).  San 
Martin.  2  km  NE  Moyobamba,  Mishqui- 
yacu,  1,600  m,   12  2,  2  imm.   (AMNH). 
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Amazonas.  Rio  Alto  Maranon  betw.  Rio 
Campa  and  Rio  Nieva,  2  (AMNH).  Ca- 
jamarca.  Pacanga,  9  (BMNH).  Hudnuco. 
Tingo  Maria,  18$  (AMNH,  EPC);  Monson 
Valley,  Tingo  Maria,  2,  3  (CAS);  Huallaga 
River,  600  m,  2  (EPC);  Cucharas,  Hua- 
llaga Valley,  92,  2  imm.  (EPC);  Divisoria, 
2  (AMNH).  Pasco  [?].  Cam.  del  Pechis 
[?  Cam.  al  Pichis,  Pasco,  10°58'S,  75°13'W], 
6  (CUC).  Junin.  Valle  Chanchamayo,  800 
m,  2  (EPC).  Madre  de  Dios.  Iberia,  S 
(AMNH).  BRAZIL:  Est.  Amazonas.  Iga- 
rape  Belem,  nr.  confluence  with  Rio  So- 
limoes,  2  (AMNH);  Manaus,  22,  23  (MEG); 
Tefe,  22  (BMNH,  MCZ);  Umarituba,  Rio 
Negro,  2  (NRS);  Rio  Purus,  Ilyutanaka,  2 
(NRS).  Acre.  Rio  Purus,  NW  Sena  Ma- 
dureira,  2  (MCZ);  Abuna,  2  (MCZ).  Ron- 
donia.  Porto  Velho,  2  (MCZ).  Para.  Rio 
Gurupi,  52  (AMNH);  Forest  Santarem,  2 
(BMNH);  Caninde,  42  (AMNH);  50  km  E 
Gurupi,  $  (AMNH).  Bakia.  Uru^a  [?],  2 
(FZRS).  BOLIVIA:  Prov.  Beni.  Chacobo 
Indian  village,  Rio  Benicito,  22  (AMNH). 

Micrathena  schenkeli  Mello-Leitao 
Figures  480-489;  Map  7 

Micrathena  schenkeli  Mello-Leitao,  1939:  71,  figs. 
51-53,  2.  Female  holotype  from  Paraguay  (NMB), 
examined. 

Micrathena  gamma  di  Caporiacco,  1947:  26.  Male 
type  from  Port  Diamond  [Great  Diamond],  British 
Guiana  [Guyana]  (MZUF),  examined.  1948:  669, 
fig.  82,  S.  NEW  SYNONYMY. 

Micrathena  browningi  Chickering,  I960:  70,  figs.  15- 
20,  (3.  Male  holotype  from  St.  Diamond  [Great  Dia- 
mond], British  Guiana  [Guyana]  (BMNH),  exam- 
ined. NEW  SYNONYMY. 

Micrathena  gentilicia  Chickering,  1964:  259,  figs. 
17-22,  9.  Female  holotype  from  Trinidad,  West 
Indies  (MCZ),  examined.  NEW  SYNONYMY. 

Micrathena  praeterita  Chickering,  1964:  274,  figs. 
57-63,  2.  Female  holotype  from  St.  Augustine, 
Trinidad,  Lesser  Antilles  (AMNH),  examined. 
NEW  SYNONYMY. 

Synonymy.  Chickering  named  the 
species  three  times:  the  male  M.  brown- 
ingi; M.  gentilicia,  a  female  having  the 
tip  of  the  epigynum  torn  off;  and  M.  prae- 
terita, a  virgin  female  with  the  epigynum 
undamaged.  Micrathena  gamma  di  Ca- 
poriacco is  also  a  male. 

Description.    Female    from    Trinidad. 


Carapace  dusky  orange-brown.  Sternum 
orange-yellow  with  some  black  pigment 
dots.  Legs  orange-brown.  Dorsum  of  ab- 
domen with  white  patches  and  some  black 
areas;  sides  black;  rows  of  white  patches 
down  sides;  venter  black  with  paired  white 
patches.  Carapace  evenly  arched,  with 
shallow  thoracic  depression.  Abdomen  has 
six  large,  blunt  spines  (Figs.  480,  481).  To- 
tal length,  4.5  mm.  Carapace,  1.8  mm 
long,  1.2  mm  wide.  First  femur,  1.4  mm; 
patella  and  tibia,  1.5  mm;  metatarsus,  0.8 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.4  mm;  third,  0.9  mm.  Fourth  fe- 
mur, 1.7  mm;  patella  and  tibia,  1.5  mm; 
metatarsus,  1.0  mm;  tarsus,  0.6  mm. 

Male  from  Minas  Gerais.  Carapace, 
sternum,  legs  brownish  black.  Abdomen 
with  a  median  dorsal  white  mark  and 
three  pairs  of  white  marks  on  the  anterior 
edge;  venter  black.  Carapace  arched  with 
a  faint,  indisimct  longitudinal  depression. 
Abdomen  trapezoidal,  posterior  edge 
slightly  curved  (Fig.  487).  Total  length, 
4.5  mm.  Carapace,  2.2  mm  long,  1.4  mm 
wide.  First  femur,  1.3  mm;  patella  and 
tibia,  1.5  mm;  metatarsus,  0.9  mm;  tarsus, 
0.5  mm.  Second  patella  and  tibia,  1.2  mm; 
third,  0.9  mm.  Fourth  femur,  1.7  mm;  pa- 
tella and  tibia,  1.4  mm;  metatarsus,  0.9 
mm;  tarsus,  0.6  mm. 

Variation.  Females  vary  in  total  length 
from  4.5  to  6.2  mm,  males  from  4.5  to  5.0 
mm.  Some  specimens,  males  and  females, 
have  almost  no  thoracic  mark;  in  others 
this  is  present  or  is  a  very  shallow  groove 
(Fig.  487).  The  cymbium  of  the  male  pal- 
pus is  widened  and  drawn  out  proximally 
(Figs.  488,  489),  but  in  no  two  specimens 
does  it  have  the  same  shape. 

Note.  Males  and  females  were  associ- 
ated because  they  were  both  collected  at 
Pedra  Azul,  Minas  Gerais  and  Ondo 
Verde,  Sao  Paulo. 

The  wide  semicircular  lobe  of  the  epig- 
ynum (Fig.  482)  tears  off  when  mating; 
most  specimens  lack  this. 

Diagnosis.  The  females  can  be  separat- 
ed from  other  species  having  an  arched 
carapace  by  the  six  heavy  abdominal 
spines  (Fig.  481)  and  by  having  an  epig- 
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ynum  with  a  large  semicircular  lobe  (Fig. 
482).  Usually  this  lobe  is  missing,  and  there 
is  a  divided  depression  (Figs.  485,  486). 

The  male  differs  from  others  having  an 
indistinct  thoracic  depression  by  the 
proximally  drawn  out  cymbium  of  the 
palpus  (Figs.  488,  489)  and  the  hook- 
shaped  conductor  (Fig.  488).  The  cara- 
pace of  the  male  is  less  shiny  than  that  of 
related  species. 

Natural  History.  Females  were  collect- 
ed in  Colombia  in  grass,  brush  along  fence. 

Distribution.  Trinidad,  Lesser  Antilles, 
Colombia,  Guyana  to  Paraguay  (Map  7). 

Records.  LESSER  ANTILLES:  Trini- 
dad. 9  (N.  Weber,  MCZ);  Balandra  Bay, 
April  1922,  29  (Reynolds,  MCZ);  St.  Au- 
gustine, 18  Sept.  1946,  159  (R.  H.  Mont- 
gomery, AMNH).  Curaqao.  9  (ZMK). 
VENEZUELA:  Est.  Carabobo.  Bahia  Pa- 
tanemo,  6  (MACN).  Distr.  Fed.  Caracas, 
9  (NMW).  GUYANA:  Essequibo,  1895,  9 
(ZMK).  SURINAME:  Browns  Berg,  May 
1984,  9  (D.  Smith,  MCZ).  COLOMBIA: 
Meta.  Carimagua,  100  m  el.,  Oct.  1973, 
29  (W.  Eberhard,  MCZ).  BRAZIL:  Terr. 
Amapd.  Serra  do  Navio,  June  1966,  9  (M. 
E.  Galiano,  MEG).  Est.  Mato  Grosso.  Bar- 
ra  do  Tapirape,  Jan.  1966,  9  (J.  Malkin, 
MZSP).  Goids.  Jaragua,  12  June  1942,  9 
(F.  Lane,  MZSP).  Minas  Gerais.  Pedra 
Azul,  Dec.  1970,  39,  2<5  (F.  M.  Oliveira, 
AMNH).  Rio  de  Janeiro.  Duque  de  Ca- 
xias,  Sept.  1961,  29  (M.  Alvarenga, 
AMNH);  Mangaratiba,  Feb.  1976,  S  (M. 
Alvarenga,  AMNH).  Sao  Paulo.  Onda 
Verde,  Jan.  1946,  9,  S  (F.  Lane,  MZSP). 
PARAGUAY:  9  (J.  Viana,  MZCN).  AR- 
GENTINA: Prov.  Misiones.  Santa  Maria, 
Dec.  1947,  39  (J.  Viana,  MACN);  Santa 
Ana,  Nov. -Dec.  1958,  9,  S  (J.  Viana, 
MACN);  Monteagudo,  Nov.  1956,  9  (J. 
Viana,  MACN). 

Micrathena  ucayali  new  species 
Figures  490-497;  Map  7 

Type.  Female  holotype  and  four  female  paratypes 
from  Rio  Ucayali  between  Atalaya  and  Pucallpa, 
Dept.  Ucayali,  Peru,  15  July  to  4  August  1939  (W. 
F,  Walker,  Jr.,  MCZ).  The  specific  name  is  a  noun 
in  apposition,  named  after  the  locality. 


Description.  Female.  Carapace  orange 
with  median  dusky  line  and  sides  of  tho- 
rax dusky.  Sternum  orange  underlain  by 
white,  with  a  black  line  along  each  side. 
Legs  orange,  dusky  on  anterior.  Dorsum 
of  abdomen  with  black  spines,  having 
white  pigment  on  outside  of  anterior 
spines;  sides  grayish;  venter  black  except 
for  a  pair  of  white  marks  behind  genital 
groove;  black  all  around  spinnerets;  some 
white  on  sides.  Carapace  arched,  with  a 
shallow  indistinct  thoracic  depression. 
Posterior  median  eyes  1.5  diameters  of 
others,  which  are  subequal  in  size.  Abdo- 
men subtriangular  with  pair  of  spines 
overhanging  carapace,  a  pair  of  large  pos- 
terolateral spines,  a  pair  of  large  posterior 
spines,  and  a  small  tooth  on  each  side  half- 
way between  anterior  and  posterolateral 
spines  (Figs.  490,  491).  Total  length,  6.0 
mm.  Carapace,  2.4  mm  long,  1.9  mm 
wide.  First  femur,  2.2  mm;  patella  and 
tibia,  2.3  mm;  metatarsus,  1.4  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  2.0  mm; 
third,  1.5  mm.  Fourth  femur,  2.7  mm;  pa- 
tella and  tibia,  2.2  mm;  metatarsus,  1.7 
mm;  tarsus,  0.7  mm. 

Male.  Carapace  dark  orange  with  tho- 
rax darker  on  sides  and  posterior.  Sternum 
orange  with  white  pigment  spots.  Legs  or- 
ange. Dorsum  of  abdomen  gray  with  a 
median  white  patch  and  four  black 
patches,  and  some  indistinct  lighter  areas. 
Venter  orange-gray.  Posterior  median  eyes 
twice  diameter  of  anterior  medians.  No 
coxal  hook.  Abdomen  trapezoidal  (Fig. 
495).  Total  length,  4.0  mm.  Carapace,  1.9 
mm  long,  1.2  mm  wide.  First  femur,  1.2 
mm;  patella  and  tibia,  1.2  mm;  metatar- 
sus, 0.7  mm;  tarsus,  0.5  mm.  Second  pa- 
tella and  tibia,  1.0  mm;  third,  0.7  mm. 
Fourth  femur,  1.5  mm;  patella  and  tibia, 
1.2  mm;  metatarsus,  0.9  mm;  tarsus,  0.5 
mm. 

Variation.  Females  vary  in  total  length 
from  5.5  mm  to  6.2  mm. 

Note.  Male  and  female  were  collected 
together  on  the  upper  Amazon. 

Diagnosis.  Micrathena  ucayali  differs 
from  the  similar  M.  schenkeli  by  having 
an  additional  pair  of  spines   (Figs.   490, 
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Figures  480-489.  Micrathena  schenkeli  MeWo-LeWao.  480-486.  Female.  480.  Lateral.  481.  Dorsal.  482,  485.  Epigynum,  ven- 
tral. 483,  486.  Epigynum,  posterior.  484.  Epigynum,  lateral.  485,  486.  Lobe  torn  off.  487-489.  Male.  487.  Dorsal.  488.  Left 
palpus,  mesal.  489.  Paracymbium,  cymbium,  lateral. 


Figures  490-497.     Micrathena  ucayalin.  sp.  490-494.  Female.  490.  Lateral.  491.  Dorsal.  492.  Epigynum,  ventral.  493.  Epigy- 
num, posterior.  494.  Epigynum,  lateral.  495-497.  Male.  495.  Dorsal.  496.  Palpus,  mesal.  497.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  480,  481,  487,  490,  491,  495,  1.0  mm. 
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491),  and  by  having  a  sharp  tip  on  the 
epigynum  at  the  most  ventral  point  of  the 
bulge  (Fig.  492).  Also,  there  is  no  notch 
above  the  tip  in  profile  (Fig.  494),  and  in 
posterior  view  there  is  a  depression  on  each 
side  of  the  tip  (Fig.  493).  The  male  differs 
from  others  of  the  species  group  by  hav- 
ing the  sclerites  of  the  median  apophysis 
and  conductor  much  closer  to  each  other 
(Fig.  496)  and  by  the  shape  of  the  para- 
cymbium  (Fig.  497). 

Paratypes.  PERU:  Dept.  Loreto.  Pu- 
callpa,  2  Oct.  1954,  2  (E.  I.  Schlinger,  E. 
S.  Ross,  CAS);  Iquitos,  Nov.  1961,  juv.  (J. 
Callan,  AMNH);  opposite  Leticia,  Colom- 
bia, 23  Feb.  1972,  9  (CNC).  Ucayali.  Co- 
lonia  Callaria,  Rio  Callaria,  15  km  from 
Ucayali,  Oct.  1961,  9  (B.  Malkin,  AMNH). 
BRAZIL:  Est.  Amazonas.  Sao  Paulo  [Sao 
Paulo  de  Olivenya],  39  (2494,  MNHN); 
Benjamin  Constant,  23  Dec.  1975,  9  (A. 
Carvalho,  FZRS);  Alto  Solimoes,  Dec. 
1979,  9,  <5  (A.  Lise,  FZRS). 

Micrathena  acuta  (Walckenaer) 
Figures  498-507;  Map  7 

Plectana  acuta  Walckenaer,  1841;  172.  Female  from 
Cayenne,  French  Guiana,  lost. 

Acrosoma  acutum: — Keyserling,  1863:  71,  pi.  2,  fig. 
4,  5;  1892:  28,  pi.  1,  fig.  25,  $. 

Micrathena  acuta: — Roewer,  1942:  953.  Bonnet, 
1957:  2860. 

Pronous  nigripes: — di  Caporiacco,  1947:  25.  Male 
paralectotype  (not  female  lectotype,  here  desig- 
nated) from  Port  Diamond  [Great  Diamond],  Brit- 
ish Guyana  (MZUF),  examined;  1948:  663,  figs.  71, 
72,  S.  NEW  SYNONYMY. 

Micrathena  alpha  di  Caporiacco,  1947:  26.  Imma- 
ture holotype  from  Two  Mouths,  Essequibo,  Guy- 
ana (MZUF),  examined.  NEW  SYNONYMY. 

Ildehaha  inermis  Schenkel,  1953:  28,  fig.  25,  6.  Male 
holotype  from  El  Pozon,  Dpto.  Acosta,  Est.  Falcon, 
Venezuela  (NMB),  examined.  NEW  SYNONYMY. 


Synonymy.  Walckenaer  described  the 
diagnostic  six  spines.  Keyserling  added  that 
the  sternum  is  highly  arched. 

Schenkel  named  the  male  inermis,  and 
Caporiacco  the  immature  Micrathena  al- 
pha. 

Description.  Female  from  Venezuela. 
Carapace  orange-yellow,  with  darker  sides 
and  median  line.  Sternum  brownish  black. 
Coxae  light  orange,  distal  leg  articles  dusky 
orange.  Dorsum  of  abdomen  white  with  a 
black  patch  on  lateral  spines;  insides  of 
anterior  spines  and  tips  of  posterior  spines 
black  (Figs.  498,  499);  sides  with  a  black 
patch;  venter  black;  areas  in  midline  with- 
out pigment;  some  white  pigment  patches 
on  sides.  Carapace  arched,  with  indistinct, 
shallow  thoracic  depression.  Sternum 
strongly  arched  (Fig.  510).  Total  length, 
7.3  mm.  Carapace,  2.7  mm  long,  2.2  mm 
wide.  First  femur,  2.6  mm;  patella  and 
tibia,  2.7  mm;  metatarsus,  1.6  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  2.6  mm; 
third,  1.7  mm.  Fourth  femur,  3.3  mm;  pa- 
tella and  tibia,  3.1  mm;  metatarsus,  2.2 
mm;  tarsus,  0.8  mm. 

Male  from  Colombia.  Carapace,  ster- 
num, legs  orange-brown.  Dorsum  of  ab- 
domen with  four  black  spots  and  a  me- 
dian white  patch  (Fig.  503);  venter  black 
on  dark  orange,  with  some  white  pigment 
behind  genital  groove.  Carapace  oval,  with 
indistinct  thoracic  depression.  Eye  pro- 
portions as  in  female.  Sternum  only  slight- 
ly arched.  First  coxa  without  hook.  First 
patella-tibia  with  some  macrosetae  ven- 
trally;  second  patella-tibia  thicker  than 
first.  Abdomen  egg-shaped  (Fig.  503).  To- 
tal length,  4.0  mm.  Carapace,  1.0  mm 
long,  1.1  mm  wide.  First  femur,  1.3  mm; 
patella  and  tibia,  1.3  mm;  metatarsus,  0.9 


Figures  498-507.  Micrathena  acuta  (Walckenaer).  498-502.  Female.  498.  Lateral.  499.  Dorsal.  500.  Epigynum,  ventral.  501. 
Epigynum,  posterior.  502.  Epigynum,  lateral.  503-505.  Male.  503.  Dorsal.  504.  Left  palpus,  mesal.  505.  Palpus,  lateral.  506, 
507.  Immature  (?  male).  506.  DorsaL  507.  Lateral. 

Figures  508-520.  Mlcratt)ena  flaveola  (C.  L.  Kocti).  508-513.  Female.  508.  Lateral.  509.  Dorsal.  510.  Sternum,  endites  and 
coxae,  511.  Epigynum,  ventral.  512.  Epigynum,  posterior.  513.  Epigynum,  lateral.  514-520.  Male.  514.  Dorsal.  515-517,  519. 
Palpus,  mesal.  518,  520.  Palpus,  lateral.  515.  (Prov.  Misiones,  Argentina).  516.  (Manaus,  Brazil).  517,  518.  (Tinge  Maria,  Peru). 
519,  520.  (Costa  Rica). 

Scale  lines.  0.1  mm,  except  Figures  498,  499,  503,  506-510,  514,  1.0  mm. 
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mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.4  mm;  third,  0.6  mm.  Fourth  fe- 
mur, 1.4  mm;  patella  and  tibia,  1.4  mm; 
metatarsus,  1.1  mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 
from  5.3  to  7.3  mm,  males  from  3.9  to  4.0 
mm.  Females  may  be  much  darker  in  col- 
or, with  a  pattern  resembling  that  of  M. 
triangularispinosa.  Some  females  have  a 
tubercle  posteriorly  on  the  abdomen  be- 
low the  posterolateral  spines.  The  bulbous 
portion  of  the  male  palpal  bulb  varies 
slightly  in  outline. 

Note.  Male  and  female  were  collected 
together  in  Colombia  and  northern  Brazil. 

Diagnosis.  Like  M.  flaveola,  females 
have  a  swollen  sternum  (Fig.  510).  Fe- 
males differ  from  M.  flaveola  by  having 
only  six  spines,  lacking  the  fourth  pair  of 
spines  on  the  posterior  of  the  abdomen 
(Figs.  498,  499).  In  ventral  view  there  is 
a  faint  transverse  groove  on  the  swelling 
of  the  epigynum  (Fig.  502);  in  posterior 
view  the  parallel,  paraxial  slits  appear 
much  longer  (Fig.  501)  than  in  M.  flav- 
eola. 

Males,  like  those  of  M.  flaveola,  have 
the  bulb  distally  swollen  (Figs.  504,  505), 
but  differ  by  having  the  sculptured  area 
of  the  cymbium  facing  the  paracymbium 
small  (Fig.  505). 

Distribution.  Trinidad,  Lesser  Antilles, 
Peru,  Brazil  (Map  7). 

Records.  LESSER  ANTILLES:  Trini- 
dad. 9  (MCZ).  VENEZUELA:  Est.  Cara- 
hobo.  San  Esteban,  Jan.  1940,  22  (P.  An- 
druze,  CUC),  Aug.  1975,  2  (Martinez, 
MACN).  Distr.  Fed.  Caracas,  2  (NMW). 
Monagas.  Caripito,  March,  April  1942,  32 
(W.  Beebe,  AMNH).  GUYANA:  Canister 
Fall,  3  July  1923,  2  (G.  E.  Bodlin,  BMNH). 
FRENCH  GUIANA:  St.  Laurent  de  Ma- 
roni,  6  (K.  Jelski,  PAN).  COLOMBIA: 
Dept.  Meta.  15  km  SW  Puerto  Lopez, 
1978,  32,  S  (W.  Eberhard,  MCZ);  Villavi- 
cencio,  19  July  1938,  2  (H.  Dybas,  AMNH), 
22  (Easel,  NMW).  Putumayo.  Buena  Vis- 
ta, 23-29  July  1972,  2  (W.  Eberhard, 
MCZ).  ECUADOR:  Prov.  Napo.  R.  F. 
Cuyabeno,  6  March  1983,  15  Feb.  1984, 


7  2  (L.  Aviles,  MECN).  PERU:  Dept.  San 
Martin.  20  km  NE  of  Moyobomba,  1,600 
m,  Aug.  1947,  2  (F.  Woytkowski,  EPC). 
BRAZIL:   Terr.  Amapd.  Serra  de  Navio, 
June  1966,  2,  6  (M.  E.  Galiano,  MEG).  Est. 
Para.  Belem,  Aug.  1971,  22  (M.  E.  Gali- 
ano, MEG);  Rio  Gurupi,  1963,  2  (B.  Mal- 
kin,  MZSP).  Amazonas.  Rio  Negro,  Umar- 
ituba,  20  April  1924,  2  (A.  Roman,  NRS). 
Rondonia.  Vila  Murtinho,  3  March  1922, 
2  (J.  H.  Williamson,  MCZ).  Rahia.  Uru- 
9uca,  26  Nov.  1977,  2  (J.  S.  Santos,  FZRS). 
Goids.  Jatai,  Oct.  1962,  2  (Exp.  Dept.  Zool 
MZSP).  Mato  Grosso.  Barra  de  Tapirape 
July-Aug.  1962,  Jan.  1963,  22  (B.  Malkin 
AMNH).  Rio  de  Janeiro.  Teresopolis,  2  (E 
Reimoser,    MCZ).    ARGENTINA;    Prov 
Misiones.    Punto    Aguirre,    1943,    2    (J 
Viana,  MACN). 

Micrathena  flaveola  (C.  L.  Koch) 
Figures  8,  508-520;  Map  7 

Acrosoma  aculeatum: — C.  L.  Koch,  1836:  58,  fig. 
211,  S.  Misidentification,  not  M.  aculeata  Fabri- 
cius. 

Acrosoma  flaveola  C.  L.  Koch,  1839:  126,  fig.  522,  2. 
Female  from  Brazil  (ZSM),  destroyed. 

Plectana  gladiola  Walckenaer,  1841:  182.  New  name 
for  A.  aculeatum  C.  L.  Koch.  NEW  SYNONYMY. 

Acrosom.a  vitiosum  O.  P. -Cambridge,  1890:  63,  pi. 
8,  fig.  14,  d.  Two  male  syntypes  from  Bugaba,  Pan- 
ama (BMNH),  examined.  Keyserling,  1892:  10,  pi. 
1,  fig.  7,  6.  NEW  SYNONYMY. 

Acrosoma  fericula  O.  P. -Cambridge,  1890:  64,  pi.  8, 
fig.  13.  Juvenile  female  lectotype  here  designated 
from  Bugaba,  Panama  (BMNH),  examined.  NEW 
SYNONYMY. 

Acrosoma  flaveolum: — Keyserling,  1892:  8,  pi.  1,  fig. 
5,9. 

Ildibaha  alhomaculata  Keyserling,  1892:  pi.  2,  fig. 
29.  Immature  holotype  from  Blumenau  [Est.  Santa 
Catarina,  Brazil]  (BMNH),  lost.  NEW  SYNONY- 
MY. 

Micrathena  vitiosa: — F.  P. -Cambridge,  1904:  532, 
pi.  50,  fig.  11,  6.  Roewer,  1942:  966.  Bonnet,  1957: 
2881.  Chickering,  1961:  466,  figs.  206-210,  <5. 

Micrathena  gladiola: — F.  P.-Cambridge,  1904:  537. 
Reimoser,  1917:  145.  Roewer,  1942:  958.  Bonnet, 
1957:  2868.  Chickering,  1961:  419,  figs.  67-71,  2. 

Micrathena  fericula: — F.  P.-Cambridge,  1904:  539. 

Ildibaha  fericula: — Mello-Leitao,  1932:  94.  Roewer, 
1942:  952.  Bonnet,  1957:  2296. 

Synonymy.  C.  L.  Koch  described  the 
arched  carapace,  the  arched,  "egg-shaped" 
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sternum,  and  the  eight  spines  for  M.  fla-  mm.  A  thoracic  dent  may  sometimes  be 
veola.  Acrosoma  aculeatum  of  C.  L.  Koch,  visible.  There  may  be  some  sculpturing 
a  misidentification  renamed  Plectana  gla-  posteriorly  on  the  epigynum.  The  swollen 
diola  by  Walckenaer,  appears  to  be  the  tegulum  of  the  male  palpus  varies  in  out- 
same.  Acrosoma  vitiosum  is  the  male.  Ac-  line  among  individuals  (Figs.  515-519). 
rosoma  fericula  is  an  immature,  appar-  Note.  Living  specimens  are  yellow,  with 
ently  collected  with  A.  vitiosum.  Ildibaha  large  spines  purplish.  Males  and  females 
albomaculata  is  an  immature  of  this  or  of  were  associated  because  they  belong  to  the 
a  related  species  in  this  group.  same  species  group,  lacking  a  thoracic  in- 

The  illustrations  were  made  from  a  male  dentation.  Males  and  females  have  been 

and  female  from  Costa  Rica.  collected  from  Costa  Rica  to  Argentina. 

Description.  Female  from  Costa  Rica.  Penultimate  immatures  have  the  sternum 

Carapace  orange-brown,  darker  on  sides,  black  and  only  slightly  convex;  the  epig- 

Sternum  dark  brown.  Legs  dark  orange,  ynal  area  is  sclerotized  and  spherical. 
Dorsum  of  abdomen  white  with  a  black  Diagnosis.  Females  of  this  species  dif- 

line  on  inside  of  anterior  spines;  lateral  fer  from  all  others,  except  M.  acuta,  by 

spines  black;  large  posterior  spines  orange;  having  a  swollen  sternum  (Fig.  510).  They 

sides  with  black  patches;  venter  light  or-  differ  from  acuta  by  having  eight  spines 

ange  with  brown  sclerotized  spots.  Cara-  rather  than  six,  a  small  fourth  pair  behind 

pace  high,  without  mark  except  for  indis-  the  large  posterolaterals  (Figs.  508,  509). 

tinct   thoracic   dent.    Sternum   convex,  In  addition,  the  shape  of  the  epigynum 

bulging  (Fig.  510).  Abdomen  with  four  differs:    there    is    a    faint    arch-shaped 

pairs   of   spines    (Figs.    508,    509).    Total  impression  on  the  swelling  (Fig.  513),  and 

length,  6.5  mm.  Carapace,  2.8  mm  long,  in  posterior  view  the  paraxial  parallel  slits 

2.0  mm  wide.  First  femur,  2.4  mm;  pa-  are  quite  short,  ending  some  distance  from 

tella  and  tibia,  2.4  mm;  metatarsus,  1.4  the  tip  (Fig.  512).  The  male  differs  from 

mm;  tarsus,  0.7  mm.  Second  patella  and  M.  acwfa  by  having  a  large  sculptured  area 

tibia,  2.3  mm;  third,  1.6  mm.  Fourth  fe-  on  the  cymbium  facing  the  paracymbium 

mur,  3.2  mm;  patella  and  tibia,  2.6  mm;  (Figs.  518,  520). 
metatarsus,  1.9  mm;  tarsus,  0.9  mm.  Distribution.   Costa   Rica   to   northern 

Male  from  Costa  Rica.  Carapace,  ster-  Argentina  (Map  7). 
num  dark  brown.  Legs  grayish  brown.  Records.  COSTA  RICA:  Prov.  Limon. 
Dorsum  of  abdomen  with  anterior  trans-  Hamburg  Farm,  9  (MCZ);  Lalola,  5  (MCZ). 
verse  white  line  and  median  white  patch  Cartago.  Turrialba,  2$  (AMNH).  Here- 
on brown;  six  black  patches.  Venter  with  dia.  La  Selva,  Puerto  Viejo,  3  (MCZ). 
brown  sclerotized  areas,  soft  areas  black.  PANAMA:  Prov.  Panama.  Madden  Dam, 
First  coxa  without  hook.  First  and  second  9  (AMNH).  VENEZUELA:  Est.  Mona- 
femora  with  some  short  macrosetae  ven-  gas.  Caripito,  9  (AMNH).  Carabobo.  Ba- 
trally  and  proximally.  Abdomen  trapezoi-  hia  Patanemo,  29  (MACN).  Dist.  Fed.  Ca- 
dal,  narrow  anteriorly,  rounded  behind,  racas,  9  (NMW).  GUYANA:  Barfica  Dis<r. 
slightly  lobed  on  sides  (Fig.  514).  Total  Kartabo,  29,  6  (AMNH);  Kaietur,  9 
length,  4.4  mm.  Carapace,  2.0  mm  long,  (AMNH).  FRENCH  GUIANA:  Cayenne, 
1.2  mm  wide.  First  femur,  1.5  mm;  pa-  39  (PAN);  St.  Laurent  de  Maroni,  9 
tella  and  tibia,  1.4  mm;  metatarsus,  0.9  (AMNH).  COLOMBIA:  Dept.  Meta.  Vi- 
mm;  tarsus,  0.6  mm.  Second  patella  and  llavicencio,  99  (AMNH,  NMW);  Cano 
tibia,  1.3  mm;  third,  0.9  mm.  Fourth  fe-  Grande,  9  (AMNH).  Santander.  Rio  Suar- 
mur,  1.9  mm;  patella  and  tibia,  1.5  mm;  ez,  800-1,000  m,  29  (AMNH).  Coqueta. 
metatarsus,  1.2  mm;  tarsus,  0.6  mm.  Rio  Orteguaza,  9  (AMNH).  ECUADOR: 

Variation.  Females  vary  in  total  length  Prov.  Napo.  Tarapuy,  29  (MECN).  PERU: 

from  6.3  to  7.2  mm,  males  from  4.0  to  4.8  Dept.    Loreto.    Loreto,    39    (MCZ);    Rio 
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Bambo,  Alto  Tapiche,  9  (MZSP).  San 
Martin.  Saposoa,  Rio  Huallaga,  29  (EPC). 
Hudnuco.  Tingo  Maria,  49  (AMNH); 
Monson  Valley,  Tingo  Maria,  9,  $  (CAS); 
67  km  E  Tingo  Maria,  9  (CAS).  Ucayali. 
Mishana,  9  (MPM).  Huancavelica.  Valle 
Chanchamayo,  29  (EPC).  BRAZIL:  Est. 
Amazonas.  Tefe,  9  (MCZ);  Manaus,  6 
(MEG);  Rio  Autas,  Capiranga,  9  (NRS); 
Taracua,  29  (NRS).  Para.  Belem,  9 
(AMNH);  Caninde,  Rio  Gurupi,  9 
(AMNH).  Bahia.  Camacari,  9  (FZRS);  Sal- 
vador, 9  (ZMK).  Espirito  Santo.  Colatina, 
39  (MNRJ);  Rio  Sao  Jose,  9  (MZSP).  Rio 
de  Janeiro.  Rio  de  Janeiro,  9  (ZMK).  Te- 
resopolis,  9  (E.  Reimoser,  MCZ).  Sao  Pau- 
lo. Bertioga,  9  (MZSP).  Santa  Catarina. 
Corupa,  9  (AMNH);  39  (MZSP).  BOLIV- 
IA: Prov.  Beni.  Chacobo  Village,  Rio  Be- 
nicito,  9  (AMNH).  Cochabamba.  Oral. 
Roman,  29  (MULP);  Rio  Chipiri,  9  (ZSM). 
ARGENTINA:  Prov.  Misiones.  Eldorado, 
59,  23  (AMNH,  MULP);  Montecarlo,  49 
(AMNH);  Parque  Nac.  Iguazu,  6  (MEG); 
Punto  Rieo,  9  (MACN);  Punto  17  de  Oc- 
tubre,  9,  S  (MACN);  Puerto  Aguippe,  9 
(MULP);  San  Ignacio,  9  (MULP). 

Micrathena  ornata  Mello-Leitao 
Figures  521-524;  Map  7 

Micrathena  ornata  Mello-Leitao,  1932:  86,  fig.  4,  9. 
Female  holotype  from  Niteroi,  Brazil  (MNRJ),  ex- 
amined. 

Type.  The  abdomen  of  the  type  is 
shrivelled  and  transversely  shrunken.  It 
seems  to  have  been  dried  at  one  time.  It 
does  not  look  much  like  figure  4  of  Mello- 
Leitao,  but  the  description  fits  this  species. 


It  was  examined  some  time  before  this 
study  was  started. 

Description.  Female.  Carapace,  ster- 
num, legs  orange-brown.  Dorsum  of  ab- 
domen white  with  sclerotized  areas  or- 
ange-brown. Sides  with  white  pigment 
streaks  between  grooves.  Venter  with 
white  transverse  bars  posterior  to  spinner- 
ets. Carapace  completely  smooth,  high, 
rounded  posteriorly,  with  a  small  indis- 
tinct circular  thoracic  depression  (Fig. 
522).  Total  length,  6.0  mm.  Carapace,  2.0 
mm  long,  1.8  mm  wide.  First  patella  and 
tibia,  2.2  mm;  second,  1.8  mm;  third,  1.2 
mm.  Fourth  femur,  2.3  mm. 

Diagnosis.  This  species  differs  from 
others  of  the  M.  triangularispinosa  group 
by  having  twelve  abdominal  spines  (Figs. 
521,  522)  and  by  the  structure  of  the  epig- 
ynum  (Figs.  523,  524). 

Note.  No  other  specimens  have  been 
found. 

The  lepidoptera  Group 

Females  from  this  group  are  distin- 
guished by  having  compound  spines  on 
the  sides  of  the  abdomen  (Figs.  526,  535) 
and  by  having  a  small,  light  colored  me- 
dian scape  behind  the  top  of  the  bulge  of 
the  epigynum  (Figs.  527,  536).  The  cara- 
pace, unlike  that  of  the  M.  triangularis- 
pinosa group,  has  a  thoracic  depression 
and  dimples.  The  male  lacks  a  coxal  hook 
and  has  a  two-part  median  apophysis  and 
a  large  paracymbium  which  projects  lat- 
erally (Figs.  531-533,  540-542). 

The  carapace  of  the  female  has  a  high 
thorax,  and  a  narrow  rim  and  a  distinct 
thoracic  depression  (Figs.  525,  526,  534, 


Figures  521-524.  t\/licrattiena  ornata  Mello-Leitao,  female.  521.  Abdomen,  lateral.  522.  Dorsal.  523.  Epigynum,  ventral.  524. 
Epigynum,  posterior. 

Figures  525-533.  Micrattiena  lepidoptera  Mello-Leitao.  525-529.  Female.  525.  Lateral.  526.  Dorsal.  527.  Epigynum,  ventral. 
528.  Epigynum,  posterior.  529.  Epigynum,  lateral.  530-533.  Male.  530.  Dorsal.  531.  Left  palpus,  mesal.  532.  Palpus,  ventral. 
533.  Paracymbium,  lateral. 

Figures  534-542.  MIcrattiena  decorata  Chiickering.  534-538.  Female.  534.  Lateral.  535.  Dorsal.  536.  Epigynum,  ventral.  537. 
Epigynum,  posterior.  538.  Epigynum,  lateral.  539-542.  Male.  539.  Dorsal.  540.  Palpus,  mesal.  541.  Palpus,  ventral.  542.  Para- 
cymbium, lateral. 

Scale  lines.  0.1  mm,  except  Figures  521,  522,  525,  526,  530,  534,  535,  539,  1.0  mm. 
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Map  8.     Distribution  of  Micrathena  species  of  the  lepidoptera  group. 


535).  The  abdomen  not  only  has  six  com- 
pound spines,  spines  overhanging  the  car- 
apace, but  also  a  blunt  spine  on  the  venter, 
on  each  side  of  the  spinnerets  (Figs.  525, 
534).  The  carapace  of  the  male  is  rela- 
tively flat  with  thoracic  mark,  the  abdo- 
men rectangular,  longer  than  wide,  slight- 
ly convex  on  the  sides,  with  two  pairs  of 
minute  tubercles  on  posterior  folds  (Figs. 
530,  539).  The  genitalia  of  the  two  species 
are  much  like  those  of  the  triangulari- 
spinosa  group. 

The  females  of  the  two  species  are  eas- 
iest to  separate  by  the  epigynum  and  dor- 
sal color  markings,  the  males  by  the  length 
of  the  embolus  and  shape  of  the  paracym- 
bium. 

The  species  are  found  from  Costa  Rica 
to  Colombia  (Map  8). 

Key  to  the  lepidoptera  Group 

1.  Female  with  epigynal  scape  as  wide  as  long 
and  almost  as  thick  (Figs.  536,  538);  abdo- 
men with  a  dark  median  longitudinal  band 
(Fig.  535);  male  with  pointed  paracym- 
bium  (Fig,  542)  and  short  embolus  (Fig. 
540);  northern  Colombia,  Map  8  decorata 

-  Epigynal  scape  more  than  twice  as  long  as 
wide  (Figs.  527,  529);  abdomen  with  a  light 
median  longitudinal  band  (Fig.  526);  male 
with  blunt  paracymbium   (Fig.   533)  and 


long  embolus  (Fig.  531);  Costa  Rica  to  Co- 
lombia, Map  8 lepidoptera 

Micrathena  lepidoptera  Mello-Leitao 
Plate  2;  Figures  525-533;  Map  8 

Micrathena  lepidoptera  Mello-Leitao,  1941:  266,  fig. 
3,  9.  Female  holotype  from  La  Fetrolera,  Catatum- 
bo  [4°02'N,  75°07'W,  Dept.  Tolima,  Colombia] 
(MNRJ),  lost. 

Type.  Mello-Leitao's  illustration  of  the 
female  abdomen  confirms  the  name  of  this 
species. 

Description.  Female  from  Costa  Rica. 
Carapace  dark  brown  with  light  rim.  Ster- 
num dark  brown.  Coxae  and  distal  leg  ar- 
ticles slightly  lighter  grayish  brown.  Dor- 
sum of  abdomen  with  blackish  spines,  sides 
of  dorsum  black,  middle  yellow-orange; 
venter  black  with  an  orange  patch  on  each 
side  of  epigastric  area  and  one  on  each 
side  of  spinnerets,  which  enclose  a  blunt 
ventral  spine.  Carapace  with  high  thorax 
and  distinct  median  thoracic  depression, 
three  grooves,  no  dimples.  Abdomen  with 
three  pairs  of  trifid  spines  (Fig.  526)  and 
a  pair  of  blunt  spines  on  the  venter  on 
either  side  of  spinnerets  (Fig.  525).  Total 
length,  13.2  mm.  Carapace,  4.0  mm  long, 
3.2  mm  wide.  First  femur,  4.2  mm;  pa- 
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tella  and  tibia,  4.2  mm;  metatarsus,  2.6 
mm;  tarsus,  1.1  mm.  Second  patella  and 
tibia,  3.6  mm;  third,  2.3  mm.  Fourth  fe- 
mur, 4.6  mm;  patella  and  tibia,  3.7  mm; 
metatarsus,  2.9  mm;  tarsus,  1.1  mm. 

Male.  Carapace  dark  brown.  Sternum 
black.  Coxae  and  distal  leg  articles  yellow- 
white.  Dorsum  of  abdomen  yellow-white 
with  black  marks  (Fig.  530);  venter  black. 
Carapace  with  distinct  thoracic  depres- 
sion, without  dimples.  First  coxa  without 
hook.  Fourth  legs  slightly  shorter  than  first. 
Sides  of  abdomen  almost  parallel  (Fig. 
530).  Total  length,  3.3  mm.  Carapace,  1.3 
mm  long,  0.9  mm  wide.  First  femur,  1.6 
mm;  patella  and  tibia,  1.4  mm;  metatar- 
sus, 0.8  mm;  tarsus,  0.4  mm.  Second  pa- 
tella and  tibia,  1.1  mm;  third,  0.6  mm. 
Fourth  femur,  1.3  mm;  patella  and  tibia, 
1.0  mm;  metatarsus,  0.8  mm;  tarsus,  0.4 
mm. 

Variation.  Females  vary  in  total  length 
from  12.6  to  13.2  mm. 

Note.  The  male  was  not  collected  with 
the  female.  It  is  similar  to  the  presumed 
male  of  M.  decorata.  Also,  the  collector, 
John  Kochalka,  had  marked  it  as  belong- 
ing to  the  females  he  collected  from  near- 
by. 

Diagnosis.  The  narrow  scape  of  the 
epigynum  (Fig.  527)  and  the  median  light 
dorsal  area  of  the  abdomen  (Fig.  526)  sep- 
arate this  species  from  M.  decorata.  Dif- 
ferences in  shape  of  the  paracymbium 
(Fig.  533),  median  apophysis  and  the 
threadlike  embolus  (Fig.  531)  separate  the 
male  from  that  of  M.  decorata. 

Distribution.  Costa  Rica  to  Colombia 
(Map  8). 

Records.  COSTA  RICA:  Prov.  Puntare- 
nas.  San  Vito,  Las  Cruces,  6  March  1979, 
20  Aug.  1979,  29  (J.  Coddington,  MCZ). 
COLOMBIA:  Dept.  Santander.  Rio  Opon, 
1,000  m,  Jan.  1947,  9  (L.  Richter,  AMNH). 
Boyacd.  Rio  Dpan  [?],  Nov. -Dec.  1945,  29 
(AMNH).  Magdalena.  San  Pedro,  Sierra 
Nevada  de  Santa  Marta,  1,000  m,  8  Feb. 
1974,  9  (J.  Kochalka,  JAK);  above  Minca 
Valley,  Sierra  Nevada  de  Santa  Marta,  880 
m,  24  Feb.  1974,  6  (J.  Kochalka,  JAK). 


Micrathena  decorata  Chickering 
Figures  534-542;  Map  8 

Micrathena  decorata  Chickering,  1960c;  73,  figs.  29- 
32,  9.  Female  holotype  from  New  Granada  [Span- 
ish colony  of  Colombia  and  Panama]  (BMNH),  ex- 
amined. 

Description.  Female.  Carapace  black- 
ish brown.  Sternum,  legs  black.  Dorsum 
of  abdomen  with  black  spines  and  median 
dark  longitudinal  line  on  yellow-white 
(Fig.  535);  sides,  venter  with  white 
patches.  Carapace  with  two  pairs  of  dim- 
ples and  median  thoracic  depression;  rim 
narrow  in  dorsal  view,  thorax  high.  Ab- 
domen with  a  simple  pair  of  spines  over- 
hanging carapace,  two  pairs  of  trifid  spines 
on  sides,  a  pair  of  posterolateral  trifid 
spines  (Fig.  535),  and  a  blunt  spine  on  each 
side  of  spinnerets  (Fig.  534).  Total  length, 
11.2  mm.  Carapace,  3.8  mm  long,  3.2  mm 
wide.  First  femur,  3.9  mm;  patella  and 
tibia  3.9  mm;  metatarsus,  2.4  mm;  tarsus, 
1.0  mm.  Second  patella  and  tibia,  3.5  mm; 
third,  2.2  mm.  Fourth  femur,  4.4  mm;  pa- 
tella and  tibia,  3.7  mm;  metatarsus,  2.7 
mm;  tarsus,  1.0  mm. 

Male.  Carapace  black  with  some  brown 
in  middle  of  thorax.  Sternum  black.  Coxae 
yellowish  white,  other  leg  articles  brown- 
ish black,  distal  articles  darkest.  Dorsum 
of  abdomen  with  anterior  half  black,  a 
median  dusky  mark,  and  posterior  black- 
ish on  yellow-white;  venter  gray.  Cara- 
pace with  three  pairs  of  dimples  and  a 
distinct  thoracic  depression.  First  coxae 
without  hook.  The  femur  of  the  first  leg 
is  longer  than  fourth.  Sides  of  abdomen 
almost  parallel  (Fig.  539).  Total  length, 
3.7  mm.  Carapace,  1.7  mm  long,  1.0  mm 
wide.  First  femur,  1.7  mm;  patella  and 
tibia,  1.6  mm;  metatarsus,  1.1  mm;  tarsus, 
0.5  mm.  Second  patella  and  tibia,  1.3  mm; 
third,  0.7  mm.  Fourth  femur,  1.4  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.9 
mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 
from  8.2  to  11.2  mm. 

Note.  The  male  was  collected  with  fe- 
males of  M.  decorata,  M.  lucasi  and  M. 
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sexspinosa  at  Finca  San  Jose,  8  km  SE  of 
Socorpa  Mission,  Colombia. 

Diagnosis.  The  wide  scape  of  the  epig- 
ynum  (Fig.  536)  separates  females  of  this 
species  from  M.  lepidoptera.  Males  are 
distinguished  by  the  pointed  paracym- 
bium  (Fig.  542)  and  the  short  embolus 
(Figs.  540,  541). 

Distribution.  Northeastern  Colombia 
(Map  8). 

Records.  COLOMBIA:  Dept.  Magda- 
lena.  Sierra  Nevada  de  Santa  Marta,  Cer- 
ro  Lagila,  1,400  m,  30  April  1975,  32  (J. 
Kochalka,  JAK).  Cesar.  Socorpa  Mission, 
1,350  m,  2  Aug.  1968,  9,  1,500-1,600  m, 
16-17  Aug.  1968,  2  (B.  Malkin,  AMNH); 
8  km  SE  Socorpa  Mission,  1,450-1,500  m, 
near  San  Jose  village,  27-31  July  1968,  22, 
6  (B.  Malkin,  AMNH). 

The  schreibersi  Group 

Females  are  characterized  by  having  a 
pair  of  keels  at  the  posterior  margin  of  the 
epigynum  (Figs.  554,  559,  568,  576;  ab- 
sent in  M.  spitzi.  Fig.  546).  Males  are  dis- 
tinguished by  having  their  abdomen  con- 
stricted in  the  middle,  violin-shaped  (Figs. 
548,  561,  570,  579),  seemingly  lacking  a 
terminal  apophysis  in  the  palpus  and  hav- 
ing a  complex  median  apophysis  com- 
prised of  several  parts  (Figs.  549,  562,  571, 
580). 

The  carapace  of  the  female  has  a  wide 
rim,  a  thoracic  depression  (Figs.  552,  565, 
574),  and  a  pair  of  dimples.  The  thorax  is 
relatively  low,  widest  anteriorly.  The  rim 
and  dimples  are  absent  in  M.  spitzi.  The 
abdomen  is  armed  with  ten  spines,  the 
fourth  pair  the  longest  (Figs.  565,  574), 
except  M.  embira  which  has  14  spines 
(Fig.  552).  Except  for  M.  spitzi  (Fig.  544), 
a  pair  of  short  spines  overhangs  the  cara- 
pace. The  epigynum  has  a  median  squar- 
ish overhanging  piece  at  the  tip  of  the 
bulge,  wider  than  long,  and  attached  an- 
teriorly (Figs.  553,  567,  575).  Males  have 
a  shiny  carapace  with  an  indistinct  tho- 
racic depression;  M.  schreibersi  and  M. 
balzapamba  have  a  pair  of  dimples.  Males 


lack  a  coxal  hook  and  the  groove  on  the 
second  femur. 

It  is  uncertain  whether  M.  embira  be- 
longs to  the  group,  since  the  male  is  un- 
known; M.  spitzi  probably  does. 

Diagnostic  features  for  species  are  the 
position  of  the  spines  on  the  abdomen  of 
females  and  the  epigynum;  for  males,  the 
structure  of  the  palpus. 

Key  to  Species  of  the  schreibersi  Group 

1.  Females  abdomen  with  14  spines,  the  fifth 
pair  large  and  bent  forward  (Figs.  551, 
552);  epigynum  with  a  median  lobe  on 
anterior  of  bulge  (Figs.  553-555);  male 

unknown;  upper  Amazon,  Map  9 embira 

Female  abdomen  with  10  spines  or  humps 
(Figs.  544,  566);  epigynum  otherwise  2 

2(1)  Female  abdomen  with  pointed  humps  and 
no  spines  anterior  (Figs.  543,  544);  male 
with  abdomen  constricted  near  posterior 
end  (Fig.  548)  and  palpal  median  apoph- 
ysis as  in  Figure  549;  southeastern  Brazil, 

Map  9 spitzi 

Female  abdomen  with  large  spines,  short 
spines  anteriorly  overhanging  carapace 
(Figs.  557,  565,  574);  male  with  abdomen 
constricted  closer  to  anterior  end  (Figs. 
561,  570,  579)  3 

3(2)  Epigynum  with  anterior,  dark,  sclerotized 
lobe  (Figs.  567,  575);  male  palpus  with 
base  of  median  apophysis  bearing  a  scler- 
ite  (Figs.  571,  580) 4 

-  Epigynum  with  an  anterior  transverse  ridge 

(Figs.  558-560);  male  palpus  without 
folded  sclerite  on  base  of  median  apoph- 
ysis (Fig.  562);  Western  Ecuador,  Map  9 

_ balzapamba 

4(3)  Females  with  area  between  second  and 
third  spine  pair  longer  than  wide  (Fig. 
574);  males  with  a  prong  on  median 
apophysis  of  palpus  (Fig.  580);  Amazon 
area.  Map  9 vigorsi 

-  Female  with  area  between  second  and  third 

spine  pair  wider  than  long  (Fig.  565); 
males  with  median  apophysis  with  rim 
pointing  toward  cymbium  of  embolus 
(Fig.  571);  Nicaragua  to  southeastern 
Brazil,  Map  9 _ schreibersi 

Micrathena  spitzi  Mello-Leitao 
Figures  543-550;  Map  9 

Micrathena  spitzi  Mello-Leitao,  1932:  79,  fig.  2,  2. 
Female  holotype  from  Alto  da  Serra,  Est.  Sao  Pau- 
lo, Brazil  (MNRJ),  examined. 

Ildibaha  misionesica  Mello-Leitao,  1945a:  238,  figs. 
12-13,  9.  Juvenile  (penultimate  female)  holotype 
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Map  9.    Distribution  of  Micrathena  species  of  the  schreibersi  group. 


from  Pindapoy,  Misiones  Province,  Argentina 
(MULP),  examined.  NEW  SYNONYMY. 
Ildibaha  acanthomasta  Mello-Leitao,  1945b:  264,  figs. 
4,  6,  2.  Female  holotype  from  Barigui,  Parana, 
Brazil  in  the  Museu  Paranaense,  not  available. 
NEW  SYNONYMY. 

Synonymy.  Mello-Leitao  named  this 
species  three  times.  The  abdomen  of  the 
M.  spitzi  type  specimen  is  shrivelled.  Il- 
dibaha acanthomasta  was  recognized 
from  the  illustrations. 

Description.  Female.  Carapace  rich 
brown.  Sternum  orange  to  dark  brown. 
Legs  light  brown,  banded  darker;  distal 


articles  lighter.  Dorsum  of  abdomen  Cy- 
closa-like  with  black  and  white  paired  and 
median  marks;  sides  black  with  two  dor- 
soventral  white  bands,  one  anterior,  one 
about  the  middle;  venter  black  (Fig.  544). 
Carapace  widest  in  anterior  half,  with  an 
indistinct  median  thoracic  mark  and  a 
slight  depression  on  each  side  posteriorly 
(Fig.  544).  Femora  with  rows  of  indistinct 
humps  on  venter.  Abdomen  soft,  Cyclosa- 
like,  without  sclerotized  plates  on  sides, 
five  pairs  of  humps,  each  tipped  by  a  tiny 
spine,  and  sclerotized  ring  around  spin- 
nerets (Figs.  543,  544).  Total  length,  12.5 
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mm.  Carapace,  4.0  mm  long,  2.4  mm 
wide.  First  femur,  2.9  mm;  patella  and 
tibia,  2.9  mm;  metatarsus,  2.0  mm;  tarsus, 
0.9  mm.  Second  patella  and  tibia,  2.7  mm; 
third,  1.9  mm.  Fourth  femur,  3.7  mm;  pa- 
tella and  tibia,  3.5  mm;  metatarsus,  2.3 
mm;  tarsus,  0.9  mm. 

Male.  Carapace,  sternum  dark  brown. 
Legs  orange,  articles  darker  on  anterior 
and  posterior.  Dorsum  of  abdomen  black 
with  some  paired  white  spots  (Fig.  548); 
venter  black.  No  coxal  hook.  First  and  sec- 
ond femora  have  pairs  of  indistinct  humps. 
Abdomen  with  several  constrictions,  like 
female  (Fig.  548).  Total  length,  6.7  mm. 
Carapace,  3.2  mm  long,  1.9  mm  wide. 
First  femur,  1.9  mm;  patella  and  tibia,  1.9 
mm;  metatarsus,  1.3  mm;  tarsus,  0.7  mm. 
Second  patella  and  tibia,  1.8  mm;  third, 
1.1  mm.  Fourth  femur,  2.4  mm;  patella 
and  tibia,  2.1  mm;  metatarsus,  1.4  mm; 
tarsus,  0.7  mm. 

Variation.  Females  vary  in  total  length 
from  10.2  to  14.1  mm.  The  shape  of  the 
projecting  epigynum  is  slightly  variable. 

Note.  The  similarity  of  male  and  fe- 
male suggests  that  they  belong  together. 

Diagnosis.  Micrathena  spitzi  differs 
from  all  other  Micrathena  by  its  Cyclosa- 
like  appearance:  abdomen  two  to  three 
times  as  long  as  wide,  with  ten  humps 
(Figs.  543,  544),  and  the  epigynum  which 
has  the  bulge  indented  on  each  side  an- 
teriorly (Figs.  545,  547).  The  male  is  sep- 
arated from  others  having  the  abdomen 
constricted  posteriorly  (Fig.  548)  and  by 
the  distinct  median  apophysis  having  one 
tooth  (Fig.  549). 

Natural  History.  Two  specimens  were 
collected  in  forest  near  Sao  Paulo. 

Distribution.  Southeastern  Brazil  (Map 
9). 

Records.  BRAZIL:  Est.  Rio  de  Janeiro. 
Teresopolis,  11  March  1946,  39  (H.  Sick, 


AMNH);  Petropolis,  29  (Arle,  MNRJ);  Re- 
zende,  9  (Arle,  MZSP).  Sao  Paulo.  Sao 
Paulo,  10  April  1965,  29  (H.  Levi,  MCZ), 
39  (P.  Biasi,  MZSP);  Pirassununga,  9 
(Schubart,  MZSP);  Aqua  Tunda,  16  March 
1961,  $  (H.  M.  Canter,  MZSP).  Parana. 
Rolandia,  1947,  49  (A.  Mailer,  AMNH); 
Cavinna,  1947,  69  (A.  Mailer,  AMNH).  Rio 
Grande  do  Sul.  Itauba,  Arroio  do  Tigre, 
18  April  1978,  49  (A.  Lise,  FZRS);  Cacho- 
eira  do  Sul,  3  July  1977,  9  (A.  Witeck, 
FZRS). 

Micrathena  embira  new  species 
Figures  551-555;  Map  9 

Holotype.  Female  from  mouth  of  Rio  Embira,  Rio 
Jurura,  N.  Amazonia  [sic,  western  Amazonia],  Bra- 
zil, in  poor  condition,  having  oviposited  and  hav- 
ing lost  most  legs  (AMNH).  The  specific  name  is  a 
noun  in  apposition  after  the  type  locality. 

Description.  Female.  Carapace  black- 
ish brown,  rim  light.  Sternum,  legs  brown. 
Abdomen  leathery  dark  brown  underlain 
with  some  white  pigment.  Carapace  with 
one  pair  of  anterior  dimples  and  distinct 
thoracic  depression.  Abdomen  with  four- 
teen spines,  the  fifth  pair,  the  posterolater- 
als largest  (Figs.  551,  552).  Total  length, 
8.9  mm.  Carapace,  3.0  mm  long,  2.2  mm 
wide.  First  femur,  3.0  mm.  Fourth  femur, 
3.7  mm;  patella  and  tibia,  3.0  mm;  meta- 
tarsus, 2.0  mm. 

Diagnosis.  The  fourteen  spines  of  the 
abdomen  (Figs.  551,  552)  and  the  epigy- 
num, with  its  small  projecting  lobe  on  the 
anterior  face  of  the  globular  bulge  (Figs. 
553-555),  separate  M.  embira  from  others 
of  the  schreibersi  group. 

Micrathena  balzapamba  new  species 
Figures  556-563;  Map  9 

Holotype.  Female  from  Balzapamba,  Bolivar  Prov., 
Ecuador,  700  m  el.,  June  1938  (W.  Clarke-Mac- 
Intyre,  AMNH).  The  species  is  named  after  the 


Figures  543-550.     Micrathena  spitzi  Mello-Leitao.  543-547.  Female.  543.  Lateral.  544.  Dorsal.  545.  Epigynum,  ventral.  546. 
Epigynum,  posterior.  547.  Epigynum,  lateral.  548-550.  Male.  548.  Dorsal.  549.  Left  palpus,  mesal.  550.  Palpus,  lateral. 


Figures  551-555.     f^icratt^ena  embira  n.  sp.,  female.  551.  Lateral.  552.  Dorsal.  553.  Epigynum,  ventral.  554.  Epigynum,  pos- 
terior. 555.  Epigynum,  lateral. 
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Figures  556-563.     Micrathena  balzapamba  n.  sp.  556-560.  Female.  556.  Lateral.  557.  Dorsal.  558.  Epigynum,  ventral.  559. 
Epigynum,  posterior.  560.  Epigynum,  lateral.  561-563.  Male.  561.  Dorsal.  562.  Palpus,  mesal.  563.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  543,  544,  548,  551,  552,  556,  557,  561,  1.0  mm. 
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type  locality,  the  specific  name  a  noun  in  apposi- 
tion. 

Description.  Female.  Carapace  dark 
brown  with  white  rim,  clypeus  orange. 
Sternum  orange  underlain  by  white  pig- 
ment, darkest  in  center.  Legs  orange.  Dor- 
sum of  abdomen  white  framed  by  black, 
sides  with  longitudinal  white  bands;  ven- 
ter black  with  some  light  pigment  (Fig. 
557).  Carapace  with  one  pair  of  dimples, 
shallow  thoracic  depression  and  wide  rims. 
Abdomen  with  short  anterior  spines  over- 
hanging carapace  and  four  pairs  of  large 
spines  (Figs.  556,  557).  Total  length,  11.7 
mm.  Carapace,  4.1  mm  long,  3.0  mm 
wide.  First  femur,  4.2  mm;  patella  and 
tibia,  4.5  mm;  metatarsus,  2.6  mm;  tarsus, 
1.2  mm.  Second  patella  and  tibia,  4.0  mm; 
third,  2.6  mm.  Fourth  femur,  6.0  mm;  pa- 
tella and  tibia,  5.0  mm;  metatarsus,  3.3 
mm;  tarsus,  1.2  mm. 

Male.  Carapace  dark  brown,  black  on 
sides,  shiny.  Sternum  brown.  Legs  shiny 
brown,  first  two  femora  darkest.  Dorsum 
of  abdomen  brown,  shiny;  lighter  brown 
anteriorly;  lighter  brown  patch  in  waist 
region,  and  a  lighter  brown  patch  on  each 
side  posteriorly;  venter  dark;  sclerotized 
areas  brown.  Carapace  with  shallow  in- 
distinct thoracic  depression  and  one  an- 
terior pair  of  dimples.  No  coxal  hook.  Ab- 
domen slightly  constricted  in  middle,  with 
a  minute  black  nipple  on  each  side  ante- 
rior to  constriction  (Fig.  561).  Total  length, 
6.0  mm.  Carapace,  2.5  mm  long,  1.4  mm 
wide.  First  femur,  1.8  mm;  patella  and 
tibia,  1.8  mm;  metatarsus,  1.2  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  1.5  mm; 
third,  1.0  mm.  Fourth  femur,  2.0  mm;  pa- 
tella and  tibia,  1.7  mm;  metatarsus,  1.1 
mm;  tarsus,  0.5  mm. 


Variation.  Females  vary  in  total  length 
from  9.7  to  13.3  mm. 

Diagnosis.  Micrathena  balzapamba  fe- 
males differ  from  both  M.  schreibersi  and 
M.  vigorsi  by  the  distinctive  epigynum 
with  its  transverse  ridge,  the  base  of  a  torn- 
off  scape  (Figs.  558-560).  A  specimen  re- 
ceived after  completion  of  the  illustrations 
had  a  small  thin  and  soft  scape.  The  para- 
cymbium  of  the  male  palpus  is  flat,  disk- 
shaped  (Fig.  563),  and  the  median  apoph- 
ysis has  three  spines  (Fig.  562). 

Distribution.  Ecuador  (Map  9). 

Paratypes.  ECUADOR:  Prov.  Bolivar. 
Balzapamba,  700  m.  May  1938,  9;  26  May 
1938,  9;  28  May  1938,  6  (all  W.  Clarke- 
Maclntyre,  AMNH);  Naranjapata,  10  June 
1958,  9  (C.  H.  Dodson,  CAS).  Los  Rios. 
Playas  de  Montalvo,  20  April  1938,  9  (W. 
Clarke-Maclntyre,  AMNH);  km  56  Que- 
vedo  to  Santo  Domingo,  28  Jan.  1973,  9 
(V.  Brach,  MCZ);  Jauneche,  20  April  1984, 
9  (L.  Aviles,  MECN).  El  Oro.  Palmales,  9 
(J.  Sztolcman,  PAN). 

Micrathena  schreibersi  (Perty) 
Plate  1 ;  Figures  564-572;  Map  9 

Acrosoma  schreibersi  Perty,  1833:  194,  pi.  38,  fig.  9, 
9.  Female  from  equatorial  Brazil  (ZSM),  destroyed 
in  the  last  war. 

Acrosoma  spinosum: — C.  L.  Koch,  1836:  56,  pi.  210, 
9.  Not  A.  spinosa  (Linn.).  Misidentification. 

Plectana  macracantha  Walckenaer,  1841:  183.  New 
name  for  A.  spinosum: — C.  L.  Koch,  thought  mis- 
identified. 

?Plectana  duplicata  Walckenaer,  1841:  194.  Female 
from  Brazil.  DOUBTFUL  NEW  SYNONYMY. 

Plectana  vespoides  Walckener,  1841:  196.  Specimen 
from  Cayenne,  French  Guiana,  lost.  NEW  SYN- 
ONYMY. 

Acrosoma  myrmeciaeformis  Taczanowski,  1872:  280, 
pi.  6,  fig.  30.  Juvenile  holotype  from  Cayenne, 
French  Guiana  (FAN),  examined.  NEW  SYN- 
ONYMY. 


Figures  564-572.  Micrathena  sctireibersi  {Perty).  564-569.  Female.  564.  Lateral.  565,  566.  Dorsal.  565.  (Panama).  566.  (Pu- 
tumayo,  Colombia).  567.  Epigynum,  ventral.  568.  Epigynum,  posterior.  569.  Epigynum,  lateral.  570-572.  Male.  570.  Dorsal. 
571 .  Left  palpus,  mesal.  572.  Palpus,  lateral. 

Figures  573-581.  Micrathena  vigorsi  {Perty).  573-577.  Female.  573.  Lateral.  574.  Dorsal.  575.  Epigynum,  ventral.  576.  Epig- 
ynum, posterior.  577.  Epigynum,  lateral.  578.  Juvenile.  579-581.  Male.  579.  Dorsal.  580.  Palpus,  mesal.  581.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  564-566,  570,  573,  574,  578,  579,  1.0  mm. 
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Acrosoma  tenuis  Taczanowski,  1873:  276,  pi.  6,  fig. 
27.  Juvenile  female  holotype  and  male  paratype 
from  Cayenne,  French  Guiana  (PAN),  examined. 
NEW  SYNONYMY. 

Acrosoma  subtilis  Taczanowski,  1873:  277,  pi.  6,  fig. 
29.  Juvenile  syntypes  from  Saint  Laurent  de  Ma- 
roni,  French  Guiana  (PAN),  examined.  NEW 
SYNONYMY. 

Micrathena  schreibersi: — F.  P.-Cambridge,  1904: 
536,  pi.  51,  fig.  19,  9.  Reimoser,  1917:  137,  pi.  9, 
fig.  27,  V.  Roewer,  1942:  963.  Bonnet,  1957:  2877. 
Chickering,  1961:  452,  figs.  157-168. 

Ildibaha  myrmeciaeformis: — Roewer,  1942:  953. 
Bonnet,  1957:  2296. 

Micrathena  subtilis: — Reimoser,  1917:  129.  Roewer, 
1942:  964.  Bonnet,  1957:  2880. 

Micrathena  tenuis: — Reimoser,  1917:  136.  Roewer, 
1942:  965.  Bonnet,  1957:  2880. 

Micrathena  coteophora  Chamberlin  and  Ivie,  1936: 
56,  pi.  16,  fig.  136,  6.  Male  holotype  from  Barro 
Colorado  Island,  Panama  (AMNH),  examined. 
Synonymized  by  Chickering,  1961. 

Micrathena  lesserti  Mello-Leitao,  1939:  70,  figs.  48- 
50,  9.  Female  holotype  from  Buenaventura,  Co- 
lombia (NMB),  examined.  NEW  SYNONYMY. 

Synonymy.  Walckenaer's  Plectana  du- 
plicata  and  P.  vespoides  might  both  be 
this  species.  The  first,  a  15  mm-long  fe- 
male, has  six  posterior  spines  and  two  an- 
terior, and  a  carapace  with  a  yellow  seam; 
P.  vespoides  is  a  male.  The  juvenile  type 
of  Acrosoma  myrm,eciaeformis  is  only  3.8 
mm  long,  has  ten  spines  and  a  constricted 
abdomen,  as  have  juveniles  of  this  species. 
Acrosoma  tenuis  is  a  juvenile  female  5.4 
mm  long  with  spines  and  abdomen  shaped 
like  an  adult  and  is  accompanied  by  an 
adult  male  of  this  species.  There  are  three 
juveniles  of  Acrosoma  subtilis,  5.0  mm  in 
total  length  with  only  eight  spines,  the  an- 
terolaterals small.  They  are  probably  this 
species.  Micrathena  lesserti  is  an  adult  fe- 
male; M.  coleophora  is  an  adult  male.  Rei- 
moser labeled  some  specimens  of  this 
species  in  collections  as  M.  spinosa,  a  mis- 
identification. 

Description.  Female  from  Panama. 
Carapace  dark  brown-black,  rim  white, 
clypeus  orange.  Sternum  dark  brown  with 
orange  edge,  legs  dark  brown.  Dorsum  of 
abdomen  white;  orange  to  crimson  at  base 
of  large  spines.  Black  patches  anteriorly 
and  on  sides;  anterolateral  spines  white, 
others  black;  sides  black  with  white  lon- 


gitudinal band;  venter  black  with  white 
marks  around  base  of  black  spinneret  cone 
(Figs.  565,  566).  Carapace  shiny  and 
smooth,  with  an  anterior  pair  of  dimples 
and  distinct  pairs  of  grooves  radiating  from 
circular  thoracic  depression,  rim  distinct. 
Leg  articles  with  tubercles.  Abdomen  with 
pair  of  small  blunt  spines  overhanging 
carapace  and  four  pairs  of  large  spines 
(Figs.  564-566).  Cone  surrounding  spin- 
nerets longer  than  wide  (Fig.  564).  Total 
length,  11.5  mm.  Carapace,  4.1  mm  long, 
3.4  mm  wide.  First  femur,  5.3  mm;  pa- 
tella and  tibia,  5.3  mm;  metatarsus,  3.6 
mm;  tarsus,  1.3  mm.  Second  patella  and 
tibia,  4.8  mm;  third,  3.0  mm.  Fourth  fe- 
mur, 6.5  mm;  patella  and  tibia,  5.9  mm; 
metatarsus,  4.0  mm;  tarsus,  1.2  mm. 

Male  from  Panama.  Carapace,  ster- 
num, legs,  dorsum,  venter  and  sides  of  ab- 
domen orange;  gray  on  venter  anterior  and 
posterior  to  spinnerets.  Carapace  shiny  and 
smooth,  with  one  pair  of  anterior  dimples 
and  a  median  thoracic  mark;  lacking  rim. 
No  coxal  hook.  First  and  second  legs  have 
some  macrosetae.  Abdomen  with  a  con- 
stricted waist  (Fig.  570).  Total  length,  4.7 
mm.  Carapace,  2.2  mm  long,  1.4  mm 
wide.  First  femur,  1.6  mm;  patella  and 
tibia,  1.7  mm;  metatarsus,  1.0  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  1.4  mm; 
third,  0.8  mm.  Fourth  femur,  1.4  mm;  pa- 
tella and  tibia,  1.4  mm;  metatarsus,  0.9 
mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  9.8  to  13.7  mm,  males  from  4.7  to 
5.6  mm.  The  spines  of  some  females  from 
Colombia  are  much  longer  (Fig.  566)  than 
those  of  Panamanian  specimens.  Some 
males  have  the  carapace  orange-rugose, 
others  are  much  darker  in  color,  almost 
black.  Immatures  have  the  third  pair  of 
spines  minute  or  absent.  Young  males  lack 
spines.  An  adult  from  Carillo,  Costa  Rica 
in  the  MCZ  collection  has  the  third  pair 
of  spines  missing. 

Note.  Males  and  females  are  commonly 
collected  together.  Males  and  juveniles 
have  the  appearance  of  ants  and  may  be 
mimics  (Levi,  in  press).  Chickering  (1960) 
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first  matched  males  with  females,  al- 
though he  reported  that  Banks  had  al- 
ready matched  sexes  but  had  not  pub- 
lished on  it. 

Diagnosis.  In  females  the  area  between 
the  second  and  third  pairs  of  spines  is  wid- 
er than  long  (Figs.  565,  566);  in  M.  vig- 
orsi  longer  than  wide.  The  epigynum  has 
a  large  median  scale  with  the  attached 
(anterior)  end  straight  (Figs.  567-569);  in 
M.  vigorsi  the  attached  end  has  a  notch. 
The  male's  median  apophysis  lacks  the 
prong  present  in  M.  vigorsi  (Fig.  571). 

Natural  History.  Micrathena  schrei- 
bersi  makes  its  web  in  forests  and  shady 
areas. 

Distribution.  Nicaragua  to  southeastern 
Brazil  (Map  9). 

Records.  NICARAGUA:  Musawas 
[Guabul],  Waspuc  River,  Oct.  1955,  6  (B. 
Malkin,  AMNH).  COSTA  RICA:  Heredia 
Prov.  Puerto  Viejo,  La  Selva  (MCZ, 
ZMCR).  Limon.  Hamburg  Farm,  29 
(NMW);  Siquirres  (AMNH).  San  Jose.  San 
Jose  (MCZ);  Carillo  (MCZ).  Cartago.  Tu- 
rrialba  (MCZ,  AMNH).  PANAMA:  Bocas 
del  Toro.  Rio  Changuinola,  16  km  W  of 
Almirante  (AMNH).  Panama.  Arraijan, 
(MCZ);  Barro  Colorado  Isl.,  (MCZ);  Pipe- 
line Road  (MCZ).  Cerro  Galero  (MCZ). 
Colon.  Felucca,  Boqueron  Riv.  (MCZ). 
LESSER  ANTILLES:  Trinidad.  Mt.  St. 
Benedict  (CUC);  Los  Banguizales,  Cedros 
(AMNH).  VENEZUELA:  Est.  Monagas. 
Caripito  (AMNH).  Miranda.  Pico  Nai- 
guata  (AMNH).  Bolivar.  Hato  la  Vergar- 
ena  (AMNH).  GUYANA:  Kamakusa 
(AMNH);  Kartabo  (CUC).  Sauri-wau  Riv., 
Tacutu  (AMNH).  Upper  Ireng  Riv.,  Pak- 
araima  Mts.  (AMNH).  Issororo  (BMNH); 
Cannister  Falls  (BMNH);  Yawakuri  Riv., 
(BMNH).  SURINAME:  Saramacca  Prov. 
Voltzberg-Raleighvallen  Nature  Reserve 
(MCZ);  Paramaribo  (MCZ).  FRENCH 
GUIANA:  Cayenne  (PAN).  COLOMBIA: 
Dept.  Meta.  Villavicencio  (MCZ).  Cor- 
doba. Andagoga,  Rio  Condato  and  Rio  San 
Juan  (BMNH).  Antioquia.  Mutata  (MCZ). 
Valle.  20  km  E  of  Buenaventura  (MCZ). 
Boyacd.  Rio  Suarez  (AMNH).  Putumayo. 


Pto.  Asis  (MCZ).  ECUADOR:  Prov.  Napo. 
Pompeya  Riv.  (MCZ).  Coca,  Napo  Riv. 
(MCZ);  Limoncocha  (MECN);  Tarapuy 
(MECN).  Esmeralda.  Quininde  (MECN). 
PERU:  Dept.  Loreto.  Yurimaguas 
(AMNH);  Iquitos  (MCZ).  Ucayali.  La 
Frontera,  Upper  Utoquinia,  69  (AMNH); 
Ucayali  Riv.  (AMNH).  Hudnaco.  Tingo 
Maria  (EPC).  San  Martin.  20  km  NE  of 
Moyobamba  (AMNH).  BRAZIL:  Terr. 
Amapd.  Ua^a  (PAN);  Rio  Tracajatuba 
(IBSP);  Santana,  Rio  Metapi  (MEG);  Serra 
do  Navio  (CAS);  Vila  Amazonias  (MZSP). 
Roraima.  Rio  Branco  (NMW);  Mt.  Rorai- 
ma;  Arabupus  (AMNH).  Est.  Pard.  Belem 
(MNHN,  MCZ,  IBSP,  MEG,  CAS);  Ca- 
ninde  (AMNH);  Rio  Gurupi  (MZSP);  Ti- 
rios,  Paru  (MZSP);  Santarem  (NMW). 
Amazonas.  Manaus  (MCZ,  NRS,  INPA); 
Rio  Autaz,  Capiranga  (NRS);  Lago  Jacare, 
Rio  Solimoes  (MZSP).  Rondonia.  Porto 
Velho  (AMNH).  Pernambuco.  Recife 
(MZSP);  Mamanguape  (MZSP);  Tapera 
(IBSP).  Bahia.  Salvador  (CAS,  ZMK);  Pi- 
raja  (MCZ).  Minas  Gerais.  Alto  Rio  Doce 
(MZSP).  Espirito  Santo.  Rio  Sao  Jose 
(MZSP).  Santa  Catarina.  Blumenau 
(NMW). 

Micrathena  vigorsi  (Perty) 
Figures  573-581 ;  Map  9 

Acrosoma  vigorsii  Perty,  1833:  194,  pi.  38,  fig.  8,  2. 
Female  from  equatorial  Brazil  (ZSM),  destroyed  in 
last  war,  C.  L.  Koch,  1839:  123,  fig.  520,  9. 

Acrosoma  defensa  Butler,  1873:  420.  Female  holo- 
type  in  poor  condition,  formerly  pinned,  from  Para 
[Belem],  Brazil  (BMNH),  examined.  NEW  SYN- 
ONYMY. 

Ildibaha  mutilloides  Simon,  1895:  850,  figs.  899,  900; 
1896:  471.  Male  lectotype  here  designated  and  male 
and  juvenile  paralectotypes  from  Pebas  [Dept. 
Loreto,  Peru],  Le  Para  [Belem]  and  Sao  Paulo  de 
Oliven9a  [Est.  Amazon],  Brazil  (MNHN),  exam- 
ined. Roewer,  1942:  952.  Bonnet,  1957:  2296.  NEW 
SYNONYMY. 

Micrathena  vigorsi: — Petrunkevitch,  1910:  214,  pi. 
21,  figs.  16-19,  5.  Reimoser,  1917:  132,  pi.  8,  fig. 
24,  5.  Roewer,  1942:  966.  Bonnet,  1957:  2881. 

Micrathena  defensa: — Reimoser,  1917;  133.  Roew- 
er, 1942:  956.  Bonnet,  1957:  2865. 

Synonymy.  The  specimen  of  A.  defen- 
sa is  an  adult  female.  Ildibaha  mutilloides 
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is  a  male  with  a  constricted  abdomen;  its 
similarity  to  the  male  of  M.  schreibersi 
suggests  that  it  is  the  male  of  M.  vigorsi. 
Also,  juveniles  of  M.  vigorsi  are  known  to 
have  a  constricted  abdomen  (Fig.  578). 

Description.  Female  from  Mato  Grosso. 
Carapace  brown-black  with  white  rim. 
Sternum,  legs  brownish  black.  Dorsum  of 
abdomen  boldly  marked  black  and  white, 
first  pair  of  spines  white,  others  black; 
venter  black.  Carapace  with  a  wide  rim, 
three  pairs  of  shallow  dimples  and  a  me- 
dian thoracic  mark.  Legs  corniculate.  Ab- 
domen with  ten  large  spines,  two  pairs  an- 
terior, one  posterodorsal,  and  two  posterior 
(Figs.  573,  574).  Total  length,  14.5  mm. 
Carapace,  5.1  mm  long,  4.0  mm  wide. 
First  femur,  6.5  mm;  patella  and  tibia,  5.5 
mm;  metatarsus,  3.6  mm;  tarsus,  1.4  mm. 
Second  patella  and  tibia,  5.0  mm;  third, 
3.4  mm.  Fourth  femur,  7.2  mm;  patella 
and  tibia,  6.2  mm;  metatarsus,  3.7  mm; 
tarsus,  1.4  mm. 

Male  lectotype  of  I.  mutilloides.  Cara- 
pace, sternum  dark  orange.  Legs  orange, 
the  last  femora  darker.  Abdomen  with  two 
white  spots  on  anterior  of  dorsum.  Cara- 
pace evenly  domed,  dull  in  appearance, 
no  thoracic  depression.  First  and  second 
tibia  and  metatarsus  with  some  macrose- 
tae.  Abdomen  constricted  in  middle, 
lightly  sclerotized  on  dorsum,  sclerotized 
on  venter  in  constricted  area  and  in  gen- 
ital area  (Fig.  579).  No  coxal  hook.  Total 
length,  4.8  mm.  Carapace,  2.0  mm  long, 
1.2  mm  wide.  First  femur,  1.4  mm;  pa- 
tella and  tibia,  1.4  mm;  metatarsus,  0.9 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.2  mm;  third,  0.7  mm.  Fourth  fe- 
mur, 1.4  mm;  patella  and  tibia,  1.3  mm; 
metatarsus,  0.7  mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 
from  12.8  to  15.8  mm.  The  notch  at  the 
anterior  of  epigynum  lobe  is  variable  in 
size.  An  immature  (?  male)  is  illustrated 
by  Figure  578. 

Note.  Males  and  females  have  not  been 
collected  together;  their  similarity  to  males 
and  females  of  M.  schreibersi  suggests  that 
they  belong  together  (see  above). 


Diagnosis.  Micrathena  vigorsi  differs 
from  the  similar  M.  schreibersi  by  having 
the  distance  between  second  and  third 
pairs  of  spines  greater  than  the  width  of 
the  abdomen  (Fig.  574),  and  by  having 
the  median  lobe  of  the  epigynum  heart- 
shaped  in  ventral  view,  with  an  anterior 
notch  (Figs.  575-577).  Males  differ  by 
having  a  prong  on  the  median  apophysis 
(Fig.  580). 

Distribution.  Colombia  to  Brazil  (Map 

9). 

Records.  COLOMBIA:  Dept.  Meta.  20 
km  N  of  Rio  Muco,  2  (W.  Eberhard,  MCZ). 
Boyacd-Santander.  Rio  Suarez,  600-1,000 
m,  11-12  Aug.  1946,  39  (AMNH).  Coque- 
td.  Rio  Orteguaza,  Aug. -Sept.  1947,  29  (L. 
Richter,  AMNH).  ECUADOR:  Prov. 
Napo.  Coca  and  Napo  Rivers,  24-30  April 
1965,  9  (L.  Pena,  MCZ);  Limoncocha,  2 
April  1983,  9  (L.  Aviles,  MECN).  PERU: 
Dept.  Loreto.  Iquitos,  Feb.-May  1920,  89 
(H.  S.  Parrish,  MCZ);  1912,  9  (AMNH). 
Hudnuco.  Cucharas,  Feb. -Apr.  1954,  89, 
imm.  (F.  Woytkowski,  EPC).  Lima.  Bos- 
que Huacamayo,  March  1969,  9  (O. 
Meneses,  IBSP).  BRAZIL:  Est.  Pard.  Be- 
lem.  May  1927,  29  (Zerny,  NMW).  Ama- 
zonas.  Rio  Purus,  Hyutanaha,  7  Feb.  1914, 
9  (A.  Roman,  NRS);  3-5  km  E  of  Leticia 
[Colombia],  8  July  1977,  9  (R.  M.  Shelley, 
MCZ);  Tefe,  Nov.-Dec.  1920,  9  (H.  S.  Par- 
rish, MCZ);  Rio  Uaupes,  29  (EPC).  Ron- 
donia.  Abuna,  March  1922,  39  (J.  H.  Wil- 
liamson, MCZ),  9  (J.  W.  Strohm,  MCZ); 
Vila  Murtinho,  5-7  April  1922,  9,  28-30 
March  1922,  29  (J.  H.  Williamson,  MCZ). 
BOLIVIA:  Dept.  Santa  Cruz.  Buena  Vis- 
ta, Feb.  1951,  49  (Prosem,  MULP). 

The  militaris  Group 

Females  of  the  militaris  group  are 
characterized  by  having  the  abdomen 
squared  or  wider  than  long,  with  three  to 
four  pairs  of  spines,  the  third  always  larg- 
est (Figs.  598,  609,  621,  634);  except  in  M. 
swainsoni  (Fig.  639).  The  bulge  of  the 
epigynum  has  a  pocket  or  groove  on  the 
posterior  slope  on  each  side  of  the  tip  (Figs. 
584,  599,  622,  627,  635).  These  posterior 
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grooves  are  absent  in  M.  swainsoni  (Figs. 
640,  641).  The  carapace  is  low,  with  a  dis- 
tinct thoracic  depression  but  no  dimples 
(Figs.  589,  620,  638).  The  book-lung  cov- 
ers lack  a  stridulating  surface. 

Males  have  the  palpal  tibia  drawn  out 
mesally  into  one  or  two  fingers,  as  in  the 
spinosa  group  (Figs.  595,  603,  614,  644). 
Unlike  the  spinosa  group,  the  median 
apophysis  forms  two  lobes  (Figs.  587,  603) 
or  spines  (Figs.  595,  631);  in  M.  swainsoni 
the  median  apophysis  consists  of  three 
pieces  (Fig.  644).  Males  lack  the  coxal  hook 
and  groove  on  the  second  femur. 

The  spinosa  group  may  be  a  subgroup 
of  the  militaris  group. 

Species  differ  in  the  posterior  view  of 
the  epigynum  and  in  the  form  of  spines 
and  abdomen.  Males  differ  in  the  length 
and  curvature  of  the  embolus,  shape  of 
the  median  apophysis  and  paracymbium. 

Key  to  the  militaris  Group 

Females 

1.  Third  spine  pair  several  times  length  of  ab- 
domen (Fig.  621);  Amazon  area,  Map  10 
cyanospina 

-  Third  spines  as  long  or  shorter  than  abdo- 

men (Figs.  598,  634)  2 

2(1)  Abdomen  rectangular,  length  more  than 
twice  width  (Fig.  639);  southeastern  South 
America,  Map  10 swainsoni 

-  Abdomen  subtriangular  or  wider  than  long 

(Figs.  609,  626)  _ 3 

3(2)  Third  pair  of  spines  with  tiny  spine  crown- 
ing a  thicker  portion  (Figs.  633,  634); 
Amazon  area,  Map  10 hamifera 

-  Third  pair  of  spines  without  set  off  tip  (Figs. 

583,  609,  616)  4 

4(3)  Epigynum  with  a  projecting  posterior  lobe, 
seen  best  in  lateral  view  (Fig.  586);  east- 
ern North  America  to  Panama,  Map  10 

_ sagittata 

Epigynum  otherwise  (Figs.  591,  599);  West 

Indies,  South  America  5 

5(4)  Abdomen  with  distinct  fourth  (or  third)  pair 
of  spines  behind  the  largest  (Figs.  609, 
616,  626);  southeastern  South  America, 
Map  1 0 _ 6 

-  Abdomen  with  at  most  a  pair  of  denticles 

behind  large  spines  (Fig.  589);  West  In- 
dies, Map  10 _ 8 

6(5)  Abdomen  subtriangular,  about  as  wide  as 
long;  last  spine  subequal  to  the  one  be- 
fore (Fig.  626)  ._ __ furcata 


Abdomen  wider  than  long,  with  last  spine 
distinctly  smaller  than  penultimate  (Figs. 
609,  616) 7 

7(6)  Third  pair  of  spines  slender  (Fig.  616); 
epigynum  with  tubercle  on  tip  (Figs.  617- 

619)  reimoseri 

Third  pair  of  spines  thick  (Fig.  609);  epig- 
ynum without  tubercle  on  tip  (Figs.  610- 
612)  la  ta 

8(5)  Epigynum  with  a  small  light-colored  trans- 
verse piece  on  tip  (Fig.  599-601)    .  militaris 

-  Epigynum  lacking  transverse  piece  on  tip 

(Figs.  591-593);  Cuba,  Map  10  banksi 

Males 

Males  of  M.  cyanospina,  M.  hamifera,  M.  rei- 
moseri are  unknown;  male  of  M.  lata  of  uncertain 
association. 

1.       Abdomen  with  8  sharp  spines  (Fig.  643); 

southeastern  South  America,  Map  10 

swainsoni 

-  Abdomen  with  at  most  faint  indications  of 

spines  (Figs.  602,  613) 2 

2(1)  Conductor  a  heavy  curved  hook  (Fig.  614) 

suspected  male  of  lata 

-  Conductor  otherwise  _ 3 

3(2)  Embolus    S-shaped,    crossed    by    terminal 

apophysis  (Fig.  631);  southeastern  South 
America,  Map  10 furcata 

-  Embolus  straight,  curved,   or  if  S-shaped 

partly  hidden  by  median  apophysis  (Figs. 

587,  595,  603)  4 

4(3)  Embolus  curved  (Fig.  587);  terminal 
apophysis  small,  not  visible  in  lateral  view 
(Fig.  588);  eastern  North  America  to 
Panama,  Map  10 sagittata 

-  Embolus  only  curved  at  proximal  end  (Figs. 

595,  603);  terminal  apophysis  visible  in 
lateral  view  (Figs.  596,  604);  West  Indies, 

Map  1 0 5 

5(4)  Embolus  slender  and  curved  "above"  cym- 
bium  (Figs.  595,  596);  paracymbium  large 
(Fig.  596);  Cuba,  Map  10 banksi 

-  Embolus  shorter,  heavier,  not  curved  above 

cymbium  (Figs  603,  604);  paracymbium 

small  (Fig.  604);  West  Indies,  Map  10  

_ militaris 

Micrathena  sagittata  (Walckenaer) 
Figures  582-588;  Map  10 

Plectana  sagittata  Walckenaer,  1841:  174.  The  name 
was  applied  to  an  Abbot  illustration  of  Georgia 
spiders. 

Micrathena  sagittata: — Levi,  1978:  430,  figs.  41-54, 

map  2. 

Note.  My  illustration  of  the  male  palpus 
(1978:  fig.  5a)  is  quite  inadequate.  The 
median  apophysis  is  bilobed.  The  S-shaped 
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Map  10.     Distribution  of  Micrathena  species  of  the  militaris  group. 


Figures  582-588.     Micrathena  sagittata  (Walckenaer).  582-586.  Female.  582.  Lateral.  583.  Dorsal.  584.  Epigynum,  ventral. 
585.  Epigynum,  posterior.  586.  Epigynum,  lateral.  587-588.  Male.  587.  Left  palpus,  mesal.  588.  Palpus,  lateral. 

Figures  589-596.     Micrathena  banksin.  sp.  589-593.  Female.  589.  Lateral.  590.  Dorsal.  591.  Epigynum,  ventral.  592.  Epigy- 
num, posterior.  593.  Epigynum,  lateral.  594-596.  Male.  594.  Dorsal.  595.  Palpus,  mesal.  596.  Palpus,  lateral. 

Figures  597-604.     Micrathena  militaris  (Fabricius).  597-601 .  Female.  597.  Lateral.  598.  Dorsal.  599.  Epigynum,  ventral.  600. 
Epigynum,  posterior.  601.  Epigynum,  lateral.  602-604.  Male.  602.  Dorsal.  603.  Palpus,  mesal.  604.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  582,  583,  589,  590,  594,  597,  598,  602,  1.0  mm. 
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black  embolus  is  hidden  in  part  by  the 
upper  lobe  of  the  median  apophysis,  but 
its  tip  is  visible  touching  the  tip  of  the 
terminal  apophysis.  Both  tips  are  support- 
ed by  the  conductor  (Fig.  587).  The  palpal 
tibia  is  drawn  out  into  one  finger  (Fig. 

587)  sometimes  two  (1978:  fig.  53). 
Variation.  Females  vary  in  total  length 

from  7.5  mm  to  9.4  mm,  males  from  4.3 
to  5.5  mm.  Females  and  juveniles  from 
Central  Mexico  have  a  minute  spine  un- 
derneath the  posterodorsal  spine  (Fig. 
582).  The  thickness  of  spines  varies. 

Diagnosis.  This  is  the  only  species  of 
this  group  found  in  Mexico  or  Central 
America.  Females  differ  from  others  of 
this  group  by  having  six  dorsal  spines 
(sometimes  with  a  minute  spine  posterior- 
ly; Figs.  582,  583),  and  by  the  shape  of 
the  epigynum:  a  pair  of  depressions  be- 
hind eyebrowlike  swellings,  with  a  small 
projecting  lobe  on  the  septum  (Figs.  584- 
586).  The  shorter,  curved  embolus,  the 
single  finger  on  the  palpal  tibia  (Fig.  587), 
and  the  short,  curved  paracymbium  (Fig. 

588)  separate  males  from  those  of  M.  mil- 
itaris  and  M.  banksi. 

Distribution.  Eastern  North  America  to 
Panama,  not  in  West  Indies;  West  Indian 
references  are  all  misidentifications  (Map 
10). 

Records.  MEXICO:  Est.  Tamaulipas. 
Antigue  Morelos.  Nuevo  Leon.  Monte- 
morelos.  San  Luis  Potosi.  Valles;  San  Joa- 
quin; Tamazunchale;  near  Xilitla;  5  km  W 
El  Naranjo.  Sinaloa.  San  Ignacio.  Nayarit. 
Tepic.  Jalisco.  Puerto  Vallarta;  San  Bias. 
Colima.  Armeria.  Veracruz.  Tres  Valles; 
Veracruz;  Cordoba;  Martinez  de  la  Torre; 
Papantla;  Lago  Catemaco;  Fortin;  La 
Buena  Ventura;  Tlacojalpan;  Tuxtilla; 
Tuxpan;  Istmo  de  Tehuantepec;  Tlapa- 
coyan;  Tecolutla;  Potrero;  Jalapa;  Cos- 
comatepec;  N  of  Catemaco.  Puebla. 
Huauchinango;  Villa  Juarez.  Oaxaca.  Pa- 
lomares;  Papaoapan;  Paso  Real,  Rio  Ton- 
to.  Tabasco.  Cardenas;  2.4  km  of  Teapa; 
Frontera;  Teapa;  Comalcalco.  Campeche. 
Campeche;  San  Jose.  Yucatan.  Valladolid; 
Chichen    Itza;    3    km    E    Chichen    Itza; 


Uxmal.  Chiapas.  Iztacomitan;  Chiapa; 
Huehuetan;  Huixtla;  La  Zacualpa;  Pa- 
lenque  ruins;  El  Vergel;  Simojove.  GUA- 
TEMALA: Dept.  Izabal.  Quirigua;  Bana- 
nera;  Livingston.  Alta  Verapaz.  Tucuru. 
Suchitepequez.  Chicacao,  El  Naranjo; 
Moca;  Variedades.  Chimatenango.  Ye- 
pocapa.  San  Marcos.  Ayutla.  BELIZE: 
Cayo  Distr.  Mt.  Pine  Ridge.  HONDU- 
RAS: Dept.  Copdn.  Copan.  EL  SALVA- 
DOR: Laguna  Apastepeque;  Quezalte- 
peque.  NICARAGUA:  Consiquina  slope. 
COSTA  RICA:  Prov.  Guanacaste.  Bebed- 
ero,  20  June  1930,  6  (E.  Reimoser,  NMW). 
PANAMA:  Prov.  Panama.  Barro  Colo- 
rado Island,  Gatun  Lake,  4  Aug.  1935  (J. 
D.  Hood,  AMNH),  10  Feb  1936  (W.  J. 
Gertsch,  AMNH). 

Micrathena  banksi  new  species 
Figures  589-596;  Map  10 

Micrathena  militaris: — Bryant,  1940:  376,  fig.  154, 
2  (not  figs.  140,  145).  Chickering,  1964:  269,  figs. 
45-47,  9  (not  figs.  41-44).  Misidentification,  not 
militaris  Fabricius. 

Micrathena  cubana: — Bryant,  1940:  374,  fig.  144,  6. 
Chickering,  1964:  256,'  figs.  8-10,  S.  Misidentifi- 
cation, not  male  of  cubana  Banks. 

Holotype.  Female  with  one  female  paratype  from 
Loma  del  Gato,  800  to  1,000  m.  Sierra  de  Cobre, 
Santiago  Province,  Cuba  (S.  C.  Bruner,  MCZ).  The 
species  is  named  after  Nathan  Banks. 

Description.  Female.  Carapace,  ster- 
num orange-brown.  Legs  orange.  Dorsum 
of  abdomen  white  with  large  spines  or- 
ange; venter  and  sides  black  with  large 
white  spots.  Carapace  smooth,  with  a  dis- 
tinct light  rim  and  a  quite  shallow  tho- 
racic depression  (Figs.  589,  590).  Sternum 
sculptured,  with  three  pairs  of  lateral  tu- 
bercles and  a  posterior  median  tubercle. 
Abdomen  with  two  pairs  large  spines,  pos- 
terior one  larger,  and  two  pairs  minute 
denticles,  one  on  side  between  large  spines 
and  one  on  posterior  face  of  the  abdomen 
(Figs.  589,  590).  Total  length,  8.0  mm. 
Carapace,  3.6  mm  long,  3.0  mm  wide. 
First  femur,  4.3  mm;  patella  and  tibia,  3.6 
mm;  metatarsus,  2.4  mm;  tarsus,  1.2  mm. 
Second  patella  and  tibia,  3.3  mm;  third, 
1.9  mm.  Fourth  femur,  4.5  mm;  patella 
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and  tibia,  3.8  mm;  metatarsus,  2.5  mm; 
tarsus,  0.9  mm. 

Male.  Carapace  dark  brown,  lighter  in 
midline.  Sternum  black  with  white  pig- 
ment all  around.  Coxae  and  femora  black- 
ish brown,  distal  article  of  legs  lighter. 
Dorsum  of  abdomen  blackish  with  pair  of 
white  spots;  venter  black;  posterior  face  of 
abdomen  white.  Carapace  corniculate, 
with  a  shallow  median  thoracic  depres- 
sion. Femora  corniculate.  Abdomen  tri- 
angular, sides  undulating  (Fig.  594).  Total 
length,  5.0  mm.  Carapace,  2.2  mm  long, 
1.4  mm  wide.  First  femur,  1.3  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.8 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.1  mm;  third,  0.7  mm.  Fourth  fe- 
mur, 1.4  mm;  patella  and  tibia,  1.2  mm; 
metatarsus,  0.5  mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  6.5  to  7.7  mm.  The  small  denticles 
on  the  abdomen  are  sometimes  missing. 

Diagnosis.  The  female  differs  from  M. 
militaris  by  having  eight  spines:  four  large 
ones  and  four  denticles  which  are  some- 
times absent  (Figs.  589,  590).  The  epigy- 
num  differs  by  lacking  a  transverse,  light 
colored,  posterior  bar  at  its  tip;  unlike  M. 
militaris  and  M.  sagittata  it  has  a  poste- 
rior transverse  sclerite  (Figs.  591-593).  The 
male  differs  from  militaris  by  the  longer, 
curved  embolus  (Figs.  595,  596)  and  by 
the  recurved  hook-shaped  median  apoph- 
ysis (Fig.  596). 

Natural  History.  Only  one  specimen 
comes  with  habitat  notes:  forest. 

Distribution.  Cuba  (Map  10). 

Paratypes.  CUBA:  Prov.  La  Havana. 
Havana,  1915,  9  (T.  Barbour  and  Brooks, 
MCZ);  Santiago  de  las  Vegas,  20  March 
1944  (L.  Gonzalez,  AMNH).  Villa  Clara. 
Vega  Alta,  9  (P.  Bermudez,  CUC).  Cien- 
fuegos.  Soledad,  Cienfuegos,  1927,  9,  S 
(several  records);  Sierra  Trinidad,  Buenos 
Aires,  July,  2  imm.  (Parsons,  MCZ).  Ca- 
magiiey.  San  Bias,  13  Aug.  1932,  9  (B.  B. 
Leavitt,  MCZ).  Sancti  Spiritus.  Jobosi. 
Santiago  de  Cuba.  Puerto  Boniato,  7  April 
1946,  9  (P.  Alayon,  AMNH);  Loma  del 
Gato,  Sierra  del  Cobre,  800-1,000  m,  <3  (S. 


C.  Bruner,  MCZ).  Guantdnamo.  Pan  de 
Palenque,  1  Aug.  1955,  imm.  (A.  F.  Ar- 
cher, AMNH);  Monte  Verde,  Guantana- 
mo,  30  Nov.  1971,  9  (O.  Garrido,  J.  de  la 
Cruz,  CASH);  Guantanamo,  1913,  9  (T. 
Barbour,  MCZ).  Granma.  Sierra  Maestra, 
15-20  May  1948,  9  (J.  Acuna,  MCZ).  Pi- 
nar  del  Rio.  Guanahacabibes,  9  (MCZ). 

Micrathena  militaris  (Fabricius) 
Figures  597-607;  Map  10 

Aranea  militaris  Fabricius,  1775:  416.  Specimen  from 
America,  lost  (Zimsen,  1964).  The  type  locality  is 
here  restricted  to  Hispaniola. 

Aranea  armata  Olivier,  1789:  205.  Specimen  from 
unknown  locality,  lost. 

Aranea  taurus  Fabricius,  1793:  424.  Specimen  from 
Insula  St.  Domingo. 

Plectana  furcata  Walckenaer,  1841:  176.  New  name 
for  Araneus  armata  and  A.  taurus  from  Santo  Do- 
mingo [not  Micrathena  furcata  (Hahn)  18.3.3]. 

Acrosoma  armata: — C.  L.  Koch,  1845:  65,  fig.  885,  2. 

Micrathena  armata: — Reimoser,  1917:  152.  Fran- 
ganillo,  1936:  98,  fig.  51,  9. 

Micrathena  militaris: — Petrunkevitch,  1926:  53,  figs. 
12-15,  2;  1930:  257.  Bryant,  1940:  376,  figs.  143, 
145,  S  (not  fig.  154,  2).  Chickering,  1964:  269,  figs. 
41-44,  49-50,  2,  S  (not  figs.  45-47). 

Micrathena  sagittata: — Petrunkevitch,  1930:  259, 
records  only;  misidentification,  not  M.  sagittata 
(Walckenaer). 

Synonymy.  Fabricius  described  M. 
militaris  as  having  four  dorsal  spines,  the 
posterior  long  and  open  (patentibus).  I  am 
here  following  American  authors  (Pe- 
trunkevitch, Bryant  and  Chickering),  but 
restrict  the  type  locality  of  M.  militaris  to 
Hispaniola. 

In  the  Simon  collections  in  Paris  are  11 
specimens  from  Santo  Domingo  marked 
M.  armata  which  are  this  species.  The 
Berlin  Museum  also  has  old  specimens  of 
this  species  from  Puerto  Rico  and  Port  au 
Prince,  Haiti  marked  M.  armata.  Rei- 
moser (1917)  considered  this  species  to  be 
M.  armata,  and  M.  militaris  to  be  a  four- 
spined  species  close  to  M.  sexspinosa  from 
South  America.  But  the  M.  sexspinosa 
group  of  species  have  four  to  six  spines  in 
addition  to  a  forked  abdomen. 

Walckenaer  considered  A.  armata  and 
A.  taurus  to  be  the  same,  and  synony- 
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mized  the  names  by  giving  them  a  new  minal  apophysis  remain  in  the  epigynum 

name:  P.  furcata.  after  mating  (Figs.  605-607). 

Description.  Female  from  Dominican  Diagnosis.  Females  are  separated  from 

Republic.  Carapace  orange.  Sternum  or-  Micrathena  banksi  and  M.  sagittata  by 

ange  with  some  black  maculations.  Legs  the  lightly  sclerotized  small  transverse  bar 

blackish.   Dorsum  of  abdomen  white  to  making  up  the  tip  of  the  epigynum  (Figs, 

yellow,  anterior  spines  orange  to  black,  599-601).  The  male  has  an  unusual  cylin- 

posterior  spines  orange;  venter  with  yel-  drical  tooth  above  the  radix  (Fig.  603);  the 

low-white  patches  and   black.   Carapace  length  of  the  embolus,  intermediate  be- 

with  a  fine  rim  and  a  median  thoracic  tween  that  of  M.  banksi  and  M.  sagittata, 

depression.  Lateral  eyes  more  than  their  distinguishes  the  species.  The  lobed  me- 

diameter  apart.  Abdomen  with  two  pairs  dian  apophysis  distinguishes  this  species 

of  large  spines  and  usually  a  tiny  tooth  on  from  M.  banksi  (Fig.  603). 

each  side  (Figs.  597,  598).  Total  length,  Distribution.   Cuba,   Hispaniola   (com- 

7.5  mm.  Carapace,  3.0  mm  long,  2.3  mm  mon),  Puerto  Rico  to  Dominica  (Map  10). 

wide.  First  femur,  3.3  mm;  patella  and  Records.  CUBA:  Prov.  La  Havana.  Ha- 

tibia,  3.0  mm;  metatarsus,  2.0  mm;  tarsus,  vana,  9  (AMNH).  Santiago  del  Vegas,  23 

1.1  mm.  Second  patella  and  tibia,  2.6  mm;  (MCZ).  HAITI:  Cap  Haitien,  9,  S  (MCZ, 

third,  1.7  mm.  Fourth  femur,  3.5  mm;  pa-  CUC);  Grand  Riviere,  9  (MCZ);  Petion- 

tella  and  tibia,  2.9  mm;  metatarsus,  1.9  ville,  9  (MCZ);  NE  of  La  Hatte,  9  (MCZ); 

mm;  tarsus,  0.9  mm.  Port-au-Prince,   9,  6   (MCZ);   Furcy,   9 

Male.    Carapace    orange-brown.    Ster-  (MCZ);  Diquini,  9,  6  (MCZ);  Ennery,  9 

num  orange  with  dark  mark  in  center.  (MCZ);  32  km  NW  of  Les  Cayes,  9  (MCZ); 

Legs  orange.  Dorsum  of  abdomen  whitish  Les  Cayes,  Les  Platons,  9   (MCZ);  Ken- 

with  some  paired  black  patches;  venter  scoff,    39    (AMNH).    DOMINICAN    RE- 

white  and  black.  Carapace  shiny  with  tho-  PUBLIC:   Prov.  La   Vega.  Montanas  Ci- 

racic  depression.  Abdomen  subtriangular  bao,   Cordillera   Central,   9,   $    (AMNH); 

with  lobes  on  posterior  margin  (Fig.  602).  Loma  Cibao,  Cord.  Central,  9,  6  (MCZ); 

Total  length,  4.0  mm.  Carapace,  1.8  mm  Constanza,  Cord.  Central,  6  (MCZ);  Jara- 

long,  1.0  mm  wide.  First  femur,  1.2  mm;  bacoa,  9,  5  (AMNH);  Bonao,  9  (MNSD). 

patella  and  tibia,  1.2  mm;  metatarsus,  0.7  Samana.  Sanchez,  9,  S  (MCZ,  AMNH).  La 

mm;  tarsus,  0.5  mm.  Second  patella  and  Romana.    La   Romana,   9    (AMNH);   Isla 

tibia,  1.2  mm;  third,  0.6  mm.  Fourth  fe-  Saona,  Catuano,  39  (MNSD).  Duarte.  Vi- 

mur,  1.6  mm;  patella  and  tibia,  0.9  mm;  11a  Riva,  9  (AMNH);  Loma  Quita  Espuela, 

metatarsus,  0.5  mm;  tarsus,  0.4  mm.  830    m,    San    Francisco    de    Macaris,    9 

Variation.  Females  vary  in  total  length  (MNSD).  Santiago.  S  of  Santiago,  9  (MCZ). 
from  6.0  to  8.1  mm,  males  from  3.4  to  5.4  Barahona.  Colonia  Ranfis,  Loma  los  Pi- 
mm. The  smallest  specimens  came  from  nos,  Trujilo  Valdez,  9,  S  (AMNH);  San  Lo- 
Cuba.  The  tiny  teeth  on  the  sides  of  the  renzo,  9  (AMNH);  Mt.  Busu,  Sierra  Martin 
abdomen  may  be  missing.  The  postero-  Guarcia,  1,200-1,300  m,  9  (MCZ);  peak  of 
lateral  spines  vary  widely  in  shape:  often  Monte  Busu,  1,200-1,300  m,  9  (MCZ); 
long  and  slender  (Fig.  598)  sometimes  Polo,  9  (MNSD).  San  Juan.  El  Cercado, 
much  shorter  and  thicker,  giving  the  ab-  39  (MNSD);  La  Hermita,  39  (MNSD).  In- 
domen  a  different  profile.  The  propor-  dependencia.  Entre  Negba,  9  (MNSD); 
tions  of  the  abdomen  of  males  are  also  Duverge,  9  (MNSD).  Estrelleta.  Elias  Pina, 
quite  variable.  Rio  Artibonito,  39  (MNSD).  Sanchez  Ra- 

Note.  Several  males  have  been  collect-  mirez.    Mina    Puebla    Viejo,    Hatillo,    89 

ed  at  collecting  sites  of  females.  It  is  the  (MCZ).  PUERTO  RICO:  Monte  El  Esta- 

only  species  of  the  mi/ifam  group  in  most  do,  Maricao,  8  (MCZ);  San  Sebastian,  9 

of  the  area.  The  male  embolus  and  ter-  (MCZ);    Bosque    Estatal    de    Maricao,    9 
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(MCZ);  San  Juan,  2  (CUC);  Arecibo,  Re- 
serva  Forestal  Cambalache,  9  (MCZ);  Ai- 
bonito,  9,  23  (AMNH).  La  Gloria,  Luquillo 
Range,  9  (PMYU).  VIRGIN  ISLANDS:  St. 
Thomas,  9  (PMYU).  DOMINICA:  pass  on 
Grand  Bav  Road,  23  June  1937,  2  juv.,  6 
(Roys,  MCZ). 

Micrathena  lata  Chickering 
Figures  608-615;  Map  10 

Micrathena  lata  Chickering,  1960a:  6,  figs.  8-12,  9. 
Female  from  Teresopolis,  Est.  Rio  de  Janeiro,  Bra- 
zil (MCZ),  examined. 

Description.  Female.  Carapace  orange 
with  head  lightest  except  in  midline.  Ster- 
num, legs  orange.  Dorsum  of  abdomen  or- 
ange-yellow; black  spot  on  anterior  of  each 
posterolateral  spine;  venter  orange.  Cara- 
pace with  median  thoracic  mark,  lacking 
rim  in  dorsal  view,  thorax  fairly  high  (Fig. 
608).  Abdomen  quite  high  (Fig.  608), 
wider  than  long  (Fig.  609),  with  a  large 
posterodorsal  spine  on  each  side,  a  pair  of 
anterior  spines  overhanging  the  carapace, 
a  small  spine  in  between  on  lateral  mar- 
gin, and  one  below  each  long  posterodor- 
sal spine  (Fig.  609).  Abdomen  with  waxy 
texture.  Total  length,  7.0  mm.  Carapace, 

3.0  mm  long,  2.4  mm  wide.  First  femur, 

3.1  mm;  patella  and  tibia,  2.7  mm;  meta- 
tarsus, 1.7  mm;  tarsus,  0.9  mm.  Second 
patella  and  tibia,  2.7  mm;  third,  1.7  mm. 
Fourth  femur,  3.4  mm;  patella  and  tibia, 
2.7  mm;  metatarsus,  2.0  mm;  tarsus,  0.9 
mm. 

Male.  Carapace,  legs  brown.  Sternum 
darker  brown  than  coxae.  Dorsum  of  ab- 
domen white  with  black  markings.  Venter 
black  around  spinnerets,  gray  on  sides  with 
two  white  spots  on  posterolateral  corner 
of  each  side.  Carapace  with  quite  indis- 
tinct thoracic  depression  (Fig.  613).  No 
coxal  hook.  Abdomen  trapezoidal,  widest 
posteriorly.  Total  length,  4.2  mm.  Cara- 
pace, 1.9  mm  long,  1.4  mm  wide.  First 
femur,  1.2  mm;  patella  and  tibia,  1.3  mm; 
metatarsus,  0.7  mm;  tarsus,  0.4  mm.  Sec- 
ond patella  and  tibia,  1.2  mm;  third,  0.9 
mm.  Fourth  femur,  1.6  mm;  patella  and 


tibia,  1.4  mm;  metatarsus,  0.9  mm;  tarsus, 
0.5  mm. 

Variation.  Females  vary  in  total  length 
from  7.0  to  8.2  mm,  males  from  3.9  to  4.2 
mm. 

Note.  Males  have  not  been  collected 
with  females.  The  male  belongs  to  the 
same  species  group  but  might  be  M.  rei- 
moseri. 

Diagnosis.  Micrathena  lata  differs  from 
M.  reimoseri  by  having  longer  fourth  pair 
of  spines  (Fig.  609)  and  in  details  of  the 
epigynum  (Figs.  610-612).  The  male  sus- 
pected to  be  this  species  can  be  separated 
from  others  of  this  species  group  by  the 
elaborately  shaped  and  lobed  palpal  tibia, 
by  the  large  hook  of  the  conductor,  and 
by  the  fine  spine  facing  the  embolus  at 
the  base  of  the  median  apophysis  (Figs. 
614,  615). 

Records.  BRAZIL:  Est.  Amazonas. 
Manaus,  1  Oct.  1962,  S  (K.  Lenko,  MZSP). 
Bahia.  Itamarahu,  7  Dec.  1978,  29  (J.  San- 
tos, FZRS);  Camacari,  3  Dec.  1977,  9  (J. 
Santos,  FZRS),  2  Dec.  1977,  9  (F.  Santos, 
FZRS);  Urucuca,  6  (F.  Santos,  FZRS).  Es- 
pirito  Santo.  Santa  Teresa,  29  Sept.  1942, 
6  (B.  A.  Soares,  MZSP).  Sao  Paulo.  Sale- 
sopolis,  28  Feb.  1967,  9  (D.  Biasi,  MZSP). 

Micrathena  reimoseri  Mello-Leitao 
Figures  616-619;  IVIap  10 

Micrathena  reimoseri  Mello-Leitao,  1935:  97,  fig.  14, 
2.  Female  lectotype  here  designated  and  one  para- 
lectotype  from  Petropolis,  Est.  Rio  de  Janeiro,  Bra- 
zil (MNRJ),  examined.  Roewer,  1942:  962.  Bonnet, 
1957:  2875. 

Description.  Female  lectotype.  Cara- 
pace orange  with  median  dark  gray  line. 
Sternum  orange.  Legs  orange;  distal  arti- 
cles much  darker.  Dorsum  of  abdomen  or- 
ange with  a  black  spot  on  each  lateral  spine 
and  tiny  white  dots;  venter  orange  with 
tiny  white  spots.  Carapace  with  distinct 
thoracic  depression  and  a  shallow  dent  an- 
terior to  thoracic  depression.  Abdomen 
much  wider  than  long  (Fig.  616).  Total 
length,  7.5  mm.  Carapace,  3.1  mm  long, 
2.7  mm  wide.  First  femur,  3.6  mm;  pa- 
tella and  tibia,  3.4  mm;  metatarsus,  2.0 


566         Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  8 


mm;  tarsus,  0.9  mm.  Second  patella  and  tarsus,  3.5  mm;  tarsus,  1.3  mm.  Second 

tibia,  3.1  mm;  third,  2.2  mm.  Fourth  fe-  patella  and  tibia,  4.9  mm;  third,  3.1  mm. 

mur,  3.8  mm;  patella  and  tibia,  3.3  mm;  Fourth  femur,  6.9  mm;  patella  and  tibia, 

metatarsus,  2.2  mm;  tarsus,  0.9  mm.  5.8  mm;  metatarsus,  3.6  mm;  tarsus,  1.4 

Note.  Paralectotype  has  a  wider  abdo-  mm.  Spines  about  32  mm  long, 

men  and  a  more  anterior  projecting  bulge  Variation.  Females  vary  in  total  length 

on  the  epigynum,  quite  distinct  from  the  from   10.0  to   11.7  mm;  length  of  third 

lectotype.  I  assume  that  this  is  a  variable  spine  varies  from  25  to  32  mm.  Smaller 

species,  and  that  Micrathena  lata  Chick-  sized  individuals  have  relatively  shorter 

ering  might  prove  to  be  a  synonym.  spines  than  do  larger  ones.  The  epigynum 

Diagnosis.  This  species  differs  from  M.  in  posterior  view  has  the  transverse  swell- 

lata  by  having  the  fourth  pair  of  spines  ings  variable  in  size.  One  specimen  had 

minute  (Fig.  616,  in  M.  lata  they  are  half  the  light  patches  of  the  dorsum  of  the  ab- 

the  length  of  the  third  spine)  and  in  hav-  domen  sclerotized. 

ing  a  small  knob  on  the  tip  on  the  epigy-  Note.  The  male  is  unknown, 

num   (Figs.   617-619).  They  differ  from  Diagnosis.  The  long  third  spine,  twice 

others  of  the  species  group  by  the  wide  to  three  times  body  length  (Fig.  621),  sep- 

abdomen  (Fig.  616).  arates  this  species  from  others  of  the  group. 

Distribution.  Amazon  region  (Map  10). 

...      ..                       ■      n          X  Records.  GUYANA:  Berbice  Co.  Canie 

Micrathena  cyanospina  (Lucas)  ^         ,  ^^  B^^^j      ^^^^y  Essequibo. 

Figures  620-624;  Map  1 0  ^^^.^^^^ \^^^^^  ^^  ^^^^  ^jU^^^  ^.^^  ^^^ 

Epetra  cyanospina  Lucas,  1835:  70,  pi.  149,  fig.  3,  9.  1911,   2    (J.    O.    Ogilvie,   MCZ).    COLOM- 

Female  specimens  from  Java  (an  error),  lost.  BIA:  Dept.  Meta.  Monte  Redonado,  45  km 

Micrathena  cyanospina:-Reirnoser,lQ\l.    139,  yy  ^f  Villavicencio,  June   1947,  imm.   (L. 

Roewer,  1942:  956.  Bonnet,  1957:  2865.  „.    ,^         Ax,fivTTT\    xr-ii       •            •       t    i      lr^^n 

Richter,  AMNH);  Villavicencio,  July  1938, 

Description.  Female  from  Rio  Branco,  imm.  (H.  Dybas,  AMNH),  May  1945,  2 

Brazil.  Carapace  dark  orange;  eye  region  (AMNH).  Boyacd.  Rio  Dpan,  850-950  m, 

orange  without  black  pigment.  Sternum,  imm.  (AMNH).  ECUADOR:  Prov.  Napo. 

legs  orange.   Dorsum  of  abdomen  black  Rio  Tarapuy  at  Aguas  Negras,  Nov.  1982, 

with  transverse  orange-white  pigment  2  (L.  Aviles,  MCZ).  Pastaza.  Rio  Pastaza, 

patches  (Fig.  621);  long  spines  iridescent  2  (Olalla,  AMNH).  PERU:  Dept.  Loreto. 

bluish;   sides   orange-white;   venter   with  Mishana,  2  Nov.  1974,  2  (P.  A.  Holzbauer, 

white  patch  behind  epigynum,  a  black  MPM).    BRAZIL:    Terr.   Roraima.    Rio 

ring  around  the  spinnerets  and  a  white  Branco,  2  (NMW).  Est.  Para.  Belem,  2  (H. 

ring  more  distally  around  cone  of  spin-  H.  Smith,  MCZ);  45  km  E  of  Caninde,  2 

nerets.  Carapace  with  thoracic  depression,  (B.    Malkin,    AMNH);    Caninde    (several 

low  thorax,  no  dimples  or  rim  (Figs.  620,  collections,   AMNH);    Rio   Guama,    Aug. 

621).  Total  length,  10.0  mm.  Carapace,  1952,  2  (IBSP);  Conceigao  do  Araguaia, 

4.3  mm  long,  3.8  mm  wide.  First  femur,  Jan.  1983,  2  (A.  Harada,  CNDC);  Rio  Gu- 

5.8  mm;  patella  and  tibia,  5.4  mm;  meta-  rupi,   May    1963,   2   (B.    Malkin,   MZSP); 


Figures  605-607.    Micrathena  militaris  (Fabricius).  605.  Epigynum  with  male  emboli  and  terminal  apophyses.  606,  607.  Mated 
male  left  palpus,  embolus  and  terminal  apophysis  torn  off.  606.  Palpus,  mesal.  607.  Palpus,  lateral. 

Figures  608-615.    Micratt)ena  lata  Chickering.  608-612.  Female.  608.  Lateral.  609.  Dorsal.  610.  Epigynum,  ventral.  611. 
Epigynum,  posterior.  612.  Epigynum,  lateral.  613-615.  Male.  613.  Dorsal.  614.  Palpus,  mesal.  615.  Palpus,  lateral. 

Figures  616-619.     Micrattiena  re/moser/ Mello-Leitao,  female.  616.  Dorsal.  617.  Epigynum,  ventral.  618.  Epigynum,  posterior. 
619.  Epigynum,  lateral. 
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Figures  620-624.    Micrathena  cyanospina  (Lucas),  female.  620.  Lateral.  621.  Dorsal.  622.  Epigynum,  ventral.  623.  Epigynum, 
posterior.  624.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  608,  609,  613,  616,  620,  621,  1.0  mm. 
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Cachimbo,  Nov.  1955,  June  1965,  59,  imm. 
(MZSP).  Amazonas.  Uaupes,  March  1952, 
$  (J.  Falco,  IBSP);  Rio  Negro,  Umarituba, 
19  April  1924,  9  (A.  Roman,  NRS). 

Micrathena  furcata  (Hahn) 
Figures  625-632;  Map  10 

Epeira  furcata  Hahn,  1822,  pi.  4,  fig.  B,  9.  Specimen 
from  Cayenne  (locality  probably  an  error). 

Acrosoma  bifurcata  Hahn,  1834:  65,  fig.  158,  9.  Fe- 
male from  Brazil,  lost,  C.  L.  Koch,  1839:  124,  fig. 
521,  9. 

Plectana  difissa  Walckenaer,  1841;  181.  New  name 
for  Acrosoma  bifurcatum — C.  L.  Koch,  thought 
misidentified.  NEW  SYNONYMY. 

?Plectana  flabellata  Walckenaer,  1841:  192.  Female 
from  South  America.  DOUBTFUL  NEW  SYN- 
ONYMY. 

Acrosoma  gilvulum  C.  L.  Koch,  1845:  67,  fig.  886, 
9.  Female  from  Brazil  in  the  collection  of  Prof. 
Reich,  Berlin,  lost.  First  synonymized  with  difissa 
by  Reimoser,  1917. 

Micrathena  difissa: — Reimoser,  1917:  113,  pi.  6,  fig. 
15,  9.  Roewer,  1942:  957.  Bonnet,  1957:  2866. 

Micrathena  bifurcata: — Roewer,  1942:  954.  Bonnet, 
1957:  2862. 

Micrathena  amplexa  Mello-Leitao,  1944a:  3:  332,  figs. 
17,  18,  3.  Male  holotype  with  left  palpus  missing, 
right  expanded,  from  Tigre,  Buenos  Aires  Prov., 
Argentina  (MULP),  examined.  NEW  SYNONY- 
MY. 

Synonymy.  In  1822  Hahn  illustrated  this 
species,  which  he  called  Epeira  furcata. 
It  appeared  on  the  same  plate  as  another 
species,  E.  sexspinosa;  unfortunately,  the 
figure  legends  were  reversed,  and  the  il- 
lustration of  furcata  labeled  ^'Epeira 
sexspinosa."  In  1834  Hahn  used  the  same 
illustration  for  A.  bifurcata,  referring  in 
the  text  to  the  mislabeled  figure  158  ("A. 
6-spinosa  in  Tabula").  Thus,  while  the  ini- 
tial reversal  remains  uncorrected,  the 
reader  is  made  aware  of  it  in  the  1834 


publication.  C.  L.  Koch  in  1835  published 
a  better  illustration  and  description  be- 
cause of  the  poor  condition  of  Hahn's 
specimen  (C.  L.  Koch,  1839).  Walckenaer 
considered  Koch's  illustration  a  different 
species  and  gave  it  the  name  difissa. 
Hahn's  specimen  of  Epeira  furcata,  al- 
though pinned  and  shrivelled,  was  un- 
doubtedly this  species,  as  is  C.  L.  Koch's 
figure  521.  The  spines  and  the  black  bands 
on  the  carapace  that  were  illustrated  are 
diagnostic.  Both  Roewer  and  Bonnet  list 
the  name  M.  bifurcata  (Hahn)  and  the 
name  furcata  as  a  synonym  of  armata. 
Mello-Leitao  described  the  male  as  M. 
amplexa. 

Walckenaer's  M.  flabellata  was  7.8  mm 
long,  the  abdomen  elongate  triangular,  di- 
vided into  two  lobes  posteriorly,  each  lobe 
with  two  spines;  another  pair  of  spines 
hangs  over  the  carapace.  It  might  be  this 
species. 

Description.  Female.  Carapace  yellow 
with  a  median  and  two  paraxial  black 
lines.  Sternum  yellow.  Legs  yellow  with  a 
black  line  on  the  first,  second  and  third 
femur  ventrally.  Dorsum  of  abdomen 
white  with  a  posterolateral  spine  having  a 
black  patch  on  anterior  face,  white  on 
posterior;  venter  black  around  spinnerets 
and  with  paired  white  patches.  Carapace 
relatively  low  in  thorax,  with  a  thoracic 
depression;  no  rim  or  dimples.  Abdomen 
triangular,  width  and  length  equal,  with 
four  pairs  of  spines:  anterior  pair  over- 
hanging carapace,  a  small  tooth  on  each 
side,  and  two  posterolaterally  of  almost 
equal  length  (Figs.  625,  626).  Total  length, 
7.3  mm.  Carapace,  3.0  mm  long,  2.5  mm 
wide.  First  femur,  2.7  mm;  patella  and 


Figures  625-632.     Micrattiena  furcata  (Hahn).  625-629.  Female.  625.  Lateral.  626.  Dorsal.  627.  Epigynum,  ventral.  628.  Epig- 
ynum,  posterior.  629.  Epigynum,  lateral.  630-632.  Male.  630.  Dorsal.  631.  Left  palpus,  mesal.  632.  Palpus,  lateral. 

Figures  633-637.    Micrattiena  tiamifera  Simon,  female.  633.  Lateral.  634.  Dorsal.  635.  Epigynum,  ventral.  636.  Epigynum, 
posterior.  637.  Epigynum,  lateral. 

Figures  638-645.     Micrattiena  swainsoni  (PerXy).  638-642.  Female.  638.  Lateral.  639.  Dorsal.  640.  Epigynum,  ventral.  641. 
Epigynum,  posterior.  642.  Epigynum,  lateral.  643-645.  Male.  643.  Dorsal.  644.  Palpus,  mesal.  645.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  625,  626,  630,  633,  634,  638,  639,  643,  1 .0  mm. 
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tibia,  2.7  mm;  metatarsus,  1.7  mm;  tarsus, 
0.8  mm.  Second  patella  and  tibia,  2.5  mm; 
third,  1.6  mm.  Fourth  femur,  3.3  mm;  pa- 
tella and  tibia,  2.7  mm;  metatarsus,  1.9 
mm;  tarsus,  0.9  mm. 

Male.  Carapace  with  light  brown  band 
from  eye  region  to  posterior  margin,  nar- 
row behind.  Sternum  yellow-brown.  Legs 
orange-brown  with  posterior  and  anterior 
longitudinal  black  stripes.  Dorsum  of  ab- 
domen yellow-brown  with  a  gray  band  on 
each  side  extending  almost  to  posterior 
end;  sides  black;  venter  whitish  brown  ex- 
cept for  black  ring  around  spinnerets  and 
dark  brown  book-lung  covers.  Abdomen 
rectangular,  twice  as  long  as  wide  (Fig. 
630).  Total  length,  4.7  mm.  Carapace,  2.1 
mm  long,  1.5  mm  wide.  First  femur,  1.4 
mm;  patella  and  tibia,  1.5  mm;  metatar- 
sus, 1.0  mm;  tarsus,  0.7  mm.  Second  pa- 
tella and  tibia,  1.4  mm;  third,  0.7  mm. 
Fourth  femur,  1.5  mm;  patella  and  tibia, 
1.4  mm;  metatarsus,  1.0  mm;  tarsus,  0.5 
mm. 

Variation.  Females  vary  in  total  length 
from  6.1  to  8.0  mm,  males  from  3.7  to  4.7 
mm.  The  larger  specimens  from  Argen- 
tina may  lack  the  black  line  on  the  fem- 
ora. 

Note.  Males  and  females  are  rarely  col- 
lected together,  but  both  are  the  only  rep- 
resentatives of  the  militaris  group  in 
southern  Brazil  and  Argentina.  In  the 
MNHN  is  a  male  from  Teresopolis,  with 
ten  females  of  M.  furcata. 

Diagnosis.  Micrathena  furcata  females 
can  be  separated  from  other  species  of  this 
group  by  the  color  markings:  longitudinal 
dark  marks  on  the  carapace  (Fig.  626), 
and  the  longitudinal  black  marks  on  the 
femora.  Dark  females  can  be  separated  by 
the  subequal  length  of  third  and  fourth 
spines  (Figs.  625,  626). 

The  long,  S-shaped  embolus  of  the  male 
is  diagnostic  (Fig.  631). 

Distribution.  Southeastern  Brazil  to  Ar- 
gentina (Map  10). 

Records.  BRAZIL:  Est.  Espirito  Santo. 
Chaves,  Santa  Leopoldina,  9  (MZSP);  Cas- 
telo,  6  (AMNH).  Rio  de  Janeiro.  Rio  de 
Janeiro,   9    (ZMB);   Teresopolis,    10$,   6 


(MNHN).  Sao  Paulo.  Itapeva,  29  (MCZ); 
Jundiai,  9,  33  (MCZ,  MZSP);  Sao  Paulo,  2 
9  (IBSP);  Ipiranga,  119  (BMNH);  Serra  de 
Bocaina,  9  (MZSP);  Osascu,  9  (MZSP);  Alto 
da  Serra,  9  (MZSP);  Guaianazes,  9  (MZSP); 
Barueri,  29  (MZSP);  Mogi  das  Cruzes,  9 
(MZSP);  Boraceia,  imm.  (MZSP);  Guaru- 
Ihos,  9  (MZSP);  Serra  da  Bocaina,  9  (MZSP). 
Parana.  Guarapuava  (Rio  Coutinho),  9 
(MZSP);  65  km  NE  Curitiba,  29  (CAS); 
Curitiba,  59  (MZSP);  Araucaria,  109 
(MZSP).  Santa  Catarina.  Pinhal,  49  (EPC); 
Municipio  de  Monte  Castelo,  9  (MZSP). 
Rio  Grande  do  Sul.  Montenegro,  23 
(FZRS);  Tres  Coroas,  3  (FZRS);  Vacaria, 
199,  23  (FZRS);  Triunfo,  9,  23  (FZRS); 
Torres,  3  (FZRS);  Camagua,  9  (MZSP). 
URUGUAY:  9  (BMNH).  Dept.  Cane- 
lones.  Santa  Lucia,  79  (IIBM).  Lavalleja. 
Seccion  11a,  9  (IIBM).  San  Jose.  Barra  de 
Santa  Lucia,  imm.  (IIBM).  ARGENTINA: 
Prov.  Misiones.  Monteagudo,  imm. 
(MACN).  Corrientes.  Esquina,  9  (ZMK); 
Ibera,  69  (MULP).  Entre  Rios.  Las  Talas, 
189  (MULP);  Concordia,  9  (MNRJ);  San 
Jose,  9  (MACN).  Chaco.  Manantiales,  159 
(MULP).  Santa  Fe.  Santa  Fe,  3  (MACN); 
Garay,  79  (MACN).  Tucumdn.  Lules,  29 
(IMLT);  Mercedes,  Famailla,  99  (IMLT); 
El  Manantial,  9  (IMLT).  Buenos  Aires. 
Tigre,  9  (CUC,  MACN,  MULP);  Buenos 
Aires,  59  (MNHN,  MACN);  Punta  Lara, 
39  (MULP);  Parana  de  los  Palmas  y  Canal, 
99,  3  (MEG,  MACN);  Las  Florida,  9 
(MACN);  Delta  del  Parana,  169  (MACN); 
Clew,  29  (MACN);  Rio  Santiago  Palo 
Blanco,  79  (MACN);  Rio  Santiago,  79 
(MULP);  La  Plata,  29  (MULP). 

Micrathena  hamifera  Simon 
Figures  633-637;  Map  10 

Micrathena  hamifera  Simon,  1897b:  466.  Nine  fe- 
male syntypes  from  Moyobamba  [San  Martin],  Peru 
(no.  10519,  MNHN),  examined.  Reimoser,  1917: 
144.  Roewer,  1942:  959.  Bonnet,  1957:  2870. 

Description.  Female.  Carapace,  ster- 
num, legs  dark  brown.  Dorsum  of  abdo- 
men with  white  areas,  dark  brown  to  black 
spines,  and  sclerites  dark  brownish  black; 
venter  whitish  with  dark  brown  sclerites, 
epigastric  region   and   ring  around  spin- 
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nerets.  Carapace  low  with  narrow  rim  and 
circular  thoracic  depression.  Abdomen 
trapezoidal,  with  eight  spines:  two  large 
overhanging  carapace,  a  smaller  one  on 
each  side,  a  pair  of  heavy  large  spines,  and 
two  posterior  (Figs.  633,  634).  Total  length, 
9.0  mm.  Carapace,  3.5  mm  long,  3.0  mm 
wide.  First  femur,  2.9  mm;  patella  and 
tibia,  3.1  mm;  metatarsus,  1.8  mm;  tarsus, 
0.8  mm.  Second  patella  and  tibia,  2.9  mm; 
third,  1.7  mm.  Fourth  femur,  3.7  mm;  pa- 
tella and  tibia,  3.0  mm;  metatarsus,  1.9 
mm;  tarsus,  0.9  mm. 

Variation.  Females  vary  in  total  length 
from  8.4  to  9.5  mm. 

Note.  The  male  is  not  known. 

Diagnosis.  Females  are  separated  from 
others  having  a  similar  epigynum  by  the 
heavy  spines  of  the  abdomen  and  the  rel- 
atively large  carapace  (Figs.  633,  634). 

Distribution.  Amazon  region  (Map  10). 

Records.  FRENCH  GUIANA:  Cay- 
enne, imm.  (K.  Jelski,  PAN);  St.  Laurent 
de  Maroni,  imm.  (K.  Jelski,  PAN).  EC- 
UADOR: Prov.  Napo.  Coca,  Napo  River, 
May  1965  (L.  Pena,  MCZ);  Archidona, 
April  1935,  5  (Y.  Mexia,  CAS).  Morona- 
Santiago.  nr.  General  Plaza,  1977-1978 
(N.  Engler,  MCZ).  PERU:  Dept.  San 
Martin.  30  km  SE  of  Moyobamba,  June 
1947,  2,  30  km  NE  Moyobamba,  Aug. 
1947,  9  (F.  Woytkowski,  AMNH).  Uca- 
yali.  Boqueron,  Aug.  1946,  2  (F.  Woyt- 
kowski, AMNH).  Hudnuco.  Tingo  Maria, 
8  Oct.  1946,  22  (J.  C.  Pallister,  AMNH), 
15,  28  Oct.,  23  Nov.  1954,  32  (E.  I.  Schlin- 
ger,  E.  S.  Ross,  CAS).  BRAZIL:  Terr. 
Amapd.  4  Aug.  1961,  2  (A.  Cordeiro, 
FZRS). 

Micrathena  swainsoni  (Perty) 
Figures  638-645;  Map  10 

Acrosoma  swainsonii  Perty,   1833;   194,  pi.  38,  fig. 

10,  2.  Female  specimen  from  Piaui  State,  Brazil 

(ZSM),  destroyed  in  the  last  war.  C.  L.  Koch,  1839: 

121,  fig.  519. 
Micrathena  prudens  Simon,  1895:  860.  Two  female, 

one  male  syntypes  from  Asuncion,  Paraguay  (no. 

1446,  MNHN),  examined. 
Micrathena  swainsoni: — Reimoser,   1917:  99,  pi.  3, 

fig.  6,  9.  Roewer,  1942:  964.  Bonnet,  1957:  2880. 

Chickering,  1960c:  87,  figs.  83-90,  9,  <5. 


Micrathena  paraguayensis  Mello-Leitao,  1931:  95. 
Female  holotype  from  Paraguay  (MNBA),  not  ex- 
amined. Synonymized  by  Mello-Leitao,  1932. 

Micrathena  silvicola  Badcock,  1932:  27,  fig.  19,  9,  S. 
Female,  male  syntypes  from  Makthlawaiya,  Par- 
aguay (BMNH),  examined.  Synonymized  by 
Chickering,  1960c. 

Description.  Female  from  Paraguay. 
Carapace,  sternum,  legs  brown.  Dorsum 
of  abdomen  black  and  white,  with  spines 
black;  sides  black  with  some  white  spots; 
venter  black  with  paired  white  spots  on 
sides.  Eye  region  of  carapace  projecting 
above  clypeus,  with  rim  only  seen  from 
side  and  with  a  round  thoracic  mark  (Figs. 
638,  639).  Abdomen  longer  than  wide, 
with  eight  spines  (Figs.  638,  639).  Total 
length,  11.0  mm.  Carapace,  3.6  mm  long, 

2.0  mm  wide.  First  femur,  2.9  mm;  pa- 
tella and  tibia,  3.2  mm;  metatarsus,  2.0 
mm;  tarsus,  0.9  mm.  Second  patella  and 
tibia,  2.8  mm;  third,  1.9  mm.  Fourth  fe- 
mur, 4.1  mm;  patella  and  tibia,  3.0  mm; 
metatarsus,  2.4  mm;  tarsus,  1.0  mm. 

Male.  Carapace  orange-brown,  sternum 
orange  with  some  gray.  Legs  orange- 
brown  with  distal  articles  much  darker. 
Dorsum  of  abdomen  orange  with  black 
spines  and  a  white  spot  on  each  anterolat- 
eral corner;  sides  and  venter  gray.  Cara- 
pace oval,  elongate,  without  rims  or  dim- 
ples, and  with  tiny  teeth  on  the  edge; 
thoracic  depression  indistinct  and  eyes 
overhanging  as  in  female.  No  coxal  hook. 
Abdomen  with  four  pairs  of  spines  (Fig. 
643).  Total  length,  8.4  mm.  Carapace,  3.4 
mm  long,  1.7  mm  wide.  First  femur,  2.7 
mm;  patella  and  tibia,  3.0  mm;  metatar- 
sus, 2.3  mm;  tarsus,  0.9  mm.  Second  pa- 
tella and  tibia,  2.7  mm;  third,  1.9  mm. 
Fourth  femur,  3.4  mm;  patella  and  tibia, 

3.1  mm;  metatarsus,  2.4  mm;  tarsus,  0.9 
mm. 

Variation.  Females  vary  in  total  length 
from  7.3  to  11.0  mm,  males  from  7.7  to 
9.1  mm. 

Note.  Males  are  often  collected  with  fe- 
males and  have  an  abdomen  resembling 
that  of  females. 

Diagnosis.  Unlike  all  other  Micrathe- 
na, the  abdomen  is  rectangular,  two  to 
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three  times  as  long  as  wide,  with  eight 
black  spines  in  both  sexes  (Figs.  639,  643). 
The  epigynum  has  a  transverse  bulge,  dark 
near  its  edge  (Figs.  640-642).  The  palpus 
has  a  large  curved  embolus  curled  around 
the  top  of  the  bulb  (Fig.  644). 

Natural  History.  Badcock  (1932)  re- 
ports the  species  from  woods;  one  collec- 
tion from  near  Piragununga,  Est.  Sao  Pau- 
lo is  from  scrub,  collected  with  a  similar 
sized  and  colored  ant.  It  also  has  been  col- 
lected stored  in  wasp  nests. 

Distribution.  Southern  Brazil  to  Argen- 
tina (Map  10). 

Records.  BRAZIL:  Est.  Sao  Paulo.  Ita- 
peva,  4  imm.  (MCZ);  Piragununga,  S 
(MCZ,  MZSP);  Americana,  imm.  (MZSP) 
Rio  Claro,  9  (MZSP);  Sorocaba,  9  (MZSP) 
Mirassol,  9  (MZSP);  Cajuru,  9  (MZSP) 
Nova  Europa,  9  (MZSP);  Tabatinga,  9 
(MZSP);  Miraestrela.  PARAGUAY:  Dept. 
Alto  Parana.  Taguararapa,  59,  3<3 
(AMNH).  La  Cordillera.  San  Bernardino, 
49  (MCZ);  Piribebuy,  9  (JAK).  Paraguari. 
Sapucai,  9  (MACN).  Concepcion.  Territ. 
Fonciere,  269,  43,  3  imm.  (NMW).  Ama- 
bay.  P.N.  Cerro  Cora,  9,  S  (JAK).  ARGEN- 
TINA: Prov.  Misiones.  Posadas,  29  (CUC); 
Iguazu,  (5  (MACN);  Santa  Marta,  imm. 
(MACN);  Pindapoy,  imm.  (MULP).  Cor- 
rientes.  Manantiales,  29,  imm.  (IMLY, 
MACN);  Maracuya,  29  (MULP);  Ibera,  9, 
4  imm.  (MULP).  Formosa.  Guaycule,  29 
(MACN).  Chaco.  Resistencia,  29  (MULP); 
Tirol,  imm.  (MULP);  Rio  de  Oro,  29,  imm. 
(MACN).  Santa  Fe.  Caraguatay,  imm. 
(MULP).  Salta.  El  Tabacal,  39  (MACN); 
Las  Viboras,  9  (IMLT).  Tucumdn.  Tucu- 
man,  1  imm.  (MCZ).  Buenos  Aires.  Punta 
Lara,  49  (MULP). 

The  spinosa  Group 

The  spinosa  group  is  characterized  by 
the  female  having  a  posteriorly  biforked 
abdomen  with  two  to  three  pairs  of  dorsal 
spines  (Figs.  646,  647,  683,  684).  If  two 
pairs  are  present  in  the  adult,  the  missing 
middle  pair  is  usually  replaced  by  scars 
(Fig.  647).  There  are  no  spines  overhang- 
ing the  carapace  or  on  the  underside  of 


the  abdomen.  The  females  of  all  species 
are  similar  to  each  other.  The  epigynum 
is  a  bulge  with  an  anterior  pair  of  grooves 
or  pockets  in  many  species;  the  openings 
are  posterior  (Figs.  677-679).  The  cara- 
pace has  an  indistinct  transverse  groove 
behind  the  head  and,  seen  in  dorsal  view, 
a  rim  and  a  distinct  thoracic  depression 
(Figs.  654,  655).  The  sternum  is  sculp- 
tured (Fig.  726).  All  species  have  the  car- 
apace, sternum  and  distal  articles  of  legs 
dark;  the  coxae  are  often  lighter  than  the 
sternum.  The  abdomen  has  paired  light 
yellow- white  patches  on  the  dorsum,  small 
ones  on  the  venter  [except  in  M.  coca, 
which  has  two  or  three  large  light  patches 
on  black  on  the  underside  (Fig.  725)].  The 
forks  of  the  abdomen  are  orange  to  black, 
the  spines  black. 

Males  have  a  trapezoidal  abdomen, 
widest  behind,  in  some  cases  with  straight 
sides  (coca.  Fig.  709;  sexspinosa,  Fig.  717) 
with  spines  (donaldi,  Fig.  688),  or  bulging 
(anchicaya.  Fig.  759;  spinosa,  Fig.  701). 
The  carapace  of  males  is  glossy,  widest 
usually  in  the  anterior  half,  with  a  distinct 
round  thoracic  depression.  All  lack  a  hook 
on  the  first  coxa  and  the  corresponding 
groove  on  the  second  femur.  The  palpus 
has  a  straight  to  slightly  curved  embolus 
with  a  large  terminal  apophysis,  a  median 
apophysis  bearing  a  characteristic  finger 
(Figs.  673,  681),  and  a  complex  conductor 
which  does  not  hold  the  embolus.  The  pal- 
pal tibia  is  ventrally  modified  with  a  distal 
ridge  (Figs.  652,  681)  (which  separates  this 
species  group  from  the  gracilis  group).  In 
most  species  the  embolus  and  terminal 
apophysis  break  off  when  mating  and  plug 
the  epigynal  opening  (Figs.  727-730), 
making  a  second  mating  more  difficult  for 
females  and  impossible  for  males.  Some- 
times, however,  there  are  two  sets  of  pal- 
pal parts  on  the  same  side  in  M.  sexspi- 
nosa. Since  males  lacking  embolus  and 
terminal  apophysis  were  not  among  col- 
lections, it  is  assumed  that  males  do  not 
survive  mating.  While  Figures  729-730 
show  the  terminal  apophysis  and  embolus 
as  found  in  epigyna,  only  a  part  of  the 
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terminal  apophysis  appears  to  break  off  in 
M.  coca  (Fig.  729)  and  M.  donaldi  (Fig. 
727).  The  "wing"  protruding  from  the 
epigynal  opening  of  M.  donaldi  is  near 
the  base  of  the  embolus,  in  the  palpus, 
hidden  by  the  cymbium  in  Figure  689. 

Because  of  similarities  in  the  epigynum, 
the  shape  of  the  carapace,  the  extended 
palpal  tibia,  and  the  lack  of  stridulating 
structure  on  book-lungs,  this  group  is  close 
to  the  M.  militaris  group  and  might  be 
considered  a  subgroup  comprising  similar 
species. 

Diagnostic  features  for  females  are  the 
sculpturing  of  the  epigynum  as  seen  in 
ventral,  posterior  and  lateral  views,  and 
the  thickness  and  length  of  the  abdominal 
forks  and  spines.  The  shape  of  the  embo- 
lus and  terminal  apophysis  stuck  in  the 
epigynum  is  diagnostic  (Figs.  727-730). 
Males  can  be  separated  by  the  shape  of 
the  paracymbium  (Fig.  719),  the  terminal 
apophysis  and  conductor  of  the  palpus 
(Fig.  731).  Males  are  much  easier  to  de- 
termine than  females.  Juvenile  (?  females) 
of  all  species  have  six  dorsal  spines  (Figs. 
720,  721),  adults  except  M.  donaldi  only 
four;  the  last  spine  may  be  as  large  in  ear- 
ly instars  as  the  forks  of  the  abdomen. 

There  is  the  possibility  that  M.  anchi- 
caya  is  a  subspecies  of  M.  sexspinosa,  and 
M.  coca  a  subspecies  of  M.  spinosa.  The 
few  males  in  collections  make  a  decision 
difficult. 


Key  to  the  spinosa  Group 

Females 

1.  Epigynum  in  ventral  view  with  a  pair  of 
pockets  or  grooves  on  the  anterior  slope 
of  bulge  (Figs.  677,  685) 5 

-  Epigynum   in  ventral   view  with  anterior 

slope  of  bulge  smooth  or  bulge  reduced 

(Figs,  648,  656,  664,  714)  2 

2(1)  Median  posterior  lobe  of  epigynum  re- 
duced (Figs.  664,  666);  Chiapas,  Map  11 
petrunkevitchi 

-  Median  posterior  lobe  of  epigynum  present 

(Figs.  648,  656)  3 

3(2)  In  profile  median  lobe  with  a  hole  (Fig. 

716)  or  groove  (Fig.  658) 4 

-  In    profile    median    lobe    lacking    hole    or 


groove  (Fig.  650);  western  Ecuador,  Map 

11  guayas 

4(3)  Median  lobe  wider  than  long  in  ventral 
view,  wider  than  lateral  depressions  (Fig. 
656);  abdomen  forks  short  and  stubby 
(Fig.  655);  western  Colombia,  Ecuador, 
Map  11 anchicaya 

-  Median  lobe  as  wide  as  long  in  ventral  view 

and  as  wide  as  lateral  depressions  (Fig. 
714);  abdomen  forks  moderately  long 
(Fig.  713);  Mexico  to  Ecuador  and  north- 
eastern Brazil,  Map  1 1  sexspinosa 

5(1)  Epigynum  with  median  septum  in  poste- 
rior view  (Fig.  686);  abdomen  with  6 
spines  (Figs.  683,  684);  Costa  Rica  to  Co- 
lombia, Map  11  _ donaldi 

-  Epigynum   with   a   transverse   swelling   in 

posterior  view  (Figs.  670,  678,  694,  699, 
707);  abdomen  usually  with  only  four 
spines  in  adult  or,  if  six  spines,  the  second 

pair  is  small  (Figs.  667,  675,  697) 6 

6(5)  Abdomen  forks  as  long  as  abdomen  without 
them  (Fig.  676);  first  pair  of  spines  much 
longer  than  second  (Fig.  675);  epigynum 
as  in  Figs.  677-679;  Chiapas  to  Panama, 
Map  1 1 brevipes 

-  Abdomen  forks  shorter  (Fig.  705);  spines  of 

two   pairs   subequal   in   size   (Fig.    704); 

epigynum  otherwise  7 

7(6)  Venter  of  abdomen  with  two  or  three  large 
light  patches  (Fig.  725);  epigynum  as  in 
Figs.  706-708;  Venezuela  and  Amazon 
area.  Map  1 1  coca 

-  Venter  with  only  small  light  patches;  epig- 

ynum otherwise  (Figs.  722,  724) 8 

8(7)  Epigynum  with  a  small  median  lobe  flanked 
by  grooves  on  each  side  and  a  transverse 
swelling  behind  (Fig.  669);  north-central 
Ecuador,  Map  1 1  pichincha 

-  Epigynum  with  a  large  median  lobe  (Figs. 

693,  698) 9 

9(8)  Median  lobe  as  wide  as  length  of  grooves 
on  each  side  (Fig.  698);  in  posterior  view 
a  pair  of  depressions  dorsally  (Fig.  699); 

Guianas,  Brazilian  Amazon,  Map  11  

spinosa 

-  Median   lobe   narrower   than   length   of 

grooves  on  each  side  (Fig.  693);  in  pos- 
terior vew  only  slits  present  (Fig.  694); 
southeastern  Brazil,  Map  11  soaresi 

Males 

The  males  of  M.  petrunkevitchi  and  M.  soaresi 
are  unknown. 

1.       Ventral  and  dorsal  lobes  of  paracymbium 

subequal  in  size  (Figs.  674,  682)  2 

Ventral  lobe  (left  in  Figs.  653,  661,  731) 
smaller  than  dorsal  lobe  of  paracymbium 
(Figs.  653,  661,  690,  731)  3 

2(1)  Tip  of  terminal  apophysis  bird-head-shaped 
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Map  1 1 .     Distribution  of  Micrathena  species  of  the  spinosa  group. 
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(Fig.  681);  terminal  apophysis  and  con- 
ductor extending  beyond  the  tegulum 
(Fig.  681);  Chiapas  to  Panama,  Map  11 
brevipes 

-  Tip  of  terminal  apophysis  not  sclerotized; 

terminal  apophyis  and  conductor  framed 
by  tegulum  (Fig.  673);  north-central  Ec- 
uador, Map  1 1   pichincha 

3(1)  Abdomen  with  indistinct  spines  (Fig.  688); 
dorsal  lobe  of  paracymbium  a  hook  (Fig. 
690);  finger  of  median  apophysis  re- 
curved (Fig.  689);  Costa  Rica  to  Colom- 
bia, Map  1 1  donaldi 

-  Abdomen  without  spines  (Figs.   651,  659, 

701);  paracymbium  and  median  apoph- 
ysis otherwise _ _ 4 

4(3)  Length  of  paracymbium  equals  height  of 

bulb  (Figs.  711,  719)  5 

-  Length    of    paracymbium    much    shorter, 

about  equal  to  half  height  of  bulb  (Figs. 

653,  661,  703)  6 

5(4)  Paracymbium  flat  (Fig.  711);  Venezuela  and 

Amazon  area.  Map  1 1  coca 

-  Paracymbium  tubular  (Fig.  719);  Mexico  to 

Ecuador  and  northeastern  Brazil,  Map  1 1 

sexspinosa 

6(4)  Paracymbium  with  a  dorsal  lobe  (right  in 

Figs.  653,  703) 7 

-  Paracymbium    without    dorsal    lobe    (Fig. 

661);  western  Colombia,  Ecuador,  Map 

1 1  anchica  ya 

7(6)  Dorsal  lobe  of  paracymbium  about  as  long 
as  curved  tip  (Fig.  653);  western  Ecua- 
dor, Map  1 1 guayas 

-  Dorsal  lobe  of  paracymbium  longer  than 

curved  tip  (Fig.  703);  Guianas,  Brazilian 
Amazon,  Map  11  spinosa 

Micrathena  guayas  new  species 
Figures  646-653;  Map  11 

Holotype.  Female  from  Guayaquil,  Guayas,  Ecua- 
dor, 4  March  1983  (R.  G.  Schuster,  CAS).  The  spec- 
imen is  named  after  the  Ecuadorian  Province  as  a 
noun  in  apposition. 

Description.  Female.  Head,  thorax  dark 
brown,  sides  between  head  and  thorax 
hghter  orange  (Fig.  647).  Sternum  dark 
brown,  orange  posteriorly.  Coxae  light  or- 
ange, distal  leg  articles  orange.  Posterior 
median  eyes  1.3  diameters  of  other  eyes. 
Anterior  median  eyes  slightly  more  than 
their  diameter  apart;  posterior  median 
eyes  1.5  diameters  apart.  Two  posterior 
forks  of  the  abdomen  short  and  stout  (Fig. 
647).  Total  length,  8.5  mm.  Carapace,  3.2 
mm  long,  2.4  mm  wide.  First  femur,  3.0 
mm;  patella  and  tibia,  3.0  mm;  metatar- 


sus, 2.0  mm;  tarsus,  1.3  mm.  Second  pa- 
tella and  tibia,  2.7  mm;  third,  1.7  mm. 
Fourth  femur,  4.2  mm;  patella  and  tibia, 
3.2  mm;  metatarsus,  2.4  mm;  tarsus,  1.1 
mm. 

Male.  Carapace  shiny  brown,  sternum 
orange  to  brown,  patchy.  Legs  brown. 
Dorsum  of  abdomen  brown  with  three 
white  spots,  margin  orange.  Venter  with 
black  pigment.  Abdomen  trapezoid  with 
sides  wavy  (Fig.  651).  Total  length,  5.8 
mm.  Carapace,  2.2  mm  long,  1.4  mm 
wide.  First  femur,  1.4  mm;  patella  and 
tibia,  1.7  mm;  metatarsus,  0.9  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  1.4  mm; 
third,  0.8  mm.  Fourth  femur,  2.1  mm;  pa- 
tella and  tibia,  1.7  mm;  metatarsus,  1.2 
mm;  tarsus,  0.6  mm. 

Note.  The  male  which  might  belong 
with  the  female  comes  from  "Palmal — 
Peru/Ecuador"  [probably  Palmales,  Prov. 
El  Oro,  Ecuador]. 

Diagnosis.  Like  M.  anchicaya,  this 
species  has  very  short  abdominal  forks 
(Fig.  647).  Females  differ  in  having  the 
posterior  median  lobe  of  the  epigynum 
quite  flat  and  indistinct  (Fig.  648);  in  pos- 
terior view  the  sides  overhang  the  short, 
light  median  septum  (Fig.  649). 

The  male  differs  from  M.  spinosa  by 
having  a  narrower  terminal  apophysis 
(Fig.  652),  and  the  paracymbium  with  a 
dorsal  lobe  and  hook  (Fig.  653). 

Distribution.   Western   Ecuador    (Map 

11). 

Paratypes.  ECUADOR:  Prov.  El  Oro. 
Palmales,  6  (K.  Jelski,  J.  Sztolcman,  PAN). 

Micrathena  anchicaya  new  species 
Figures  654-661 ;  Map  1 1 

Holotype.  Female  from  Rio  Anchicaya,  400  m,  Dept. 
Valle,  Colombia  (W.  Eberhard,  MCZ).  The  specif- 
ic name  is  a  noun  in  apposition  after  the  type  lo- 
cality. 

Description.  Female.  Carapace  dark 
brown,  head  black,  sides  of  thorax  light- 
est. Abdomen  with  both  posterior  forks 
short  (Fig.  655).  Total  length,  7.6  mm. 
Carapace,  3.0  mm  long,  2.2  mm  wide. 
First  femur,  2.9  mm;  patella  and  tibia,  2.9 
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mm;  metatarsus,  1.9  mm;  tarsus,  0.9  mm. 
Second  patella  and  tibia,  2.7  mm;  third, 
1.7  mm.  Fourth  femur,  3.6  mm;  patella 
and  tibia,  3.3  mm;  metatarsus,  2.1  mm; 
tarsus,  0.9  mm. 

Male.  Carapace  dark  brown.  Legs,  ster- 
num orange.  Dorsum  of  abdomen  brown 
with  lateral  black  spots  and  median  white 
patches  (Fig.  659).  Venter  gray,  sclero- 
tized  areas  brown.  Carapace  with  an  oval 
median  thoracic  depression.  Abdomen 
trapezoidal  (Fig.  659).  Total  length,  3.9 
mm.  Carapace,  1.7  mm  long,  1.1  mm 
wide.  First  femur,  1.2  mm;  patella  and 
tibia,  1.2  mm;  metatarsus,  0.7  mm;  tarsus, 
0.4  mm.  Second  patella  and  tibia,  1.1  mm; 
third,  0.6  mm.  Fourth  femur,  1.4  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.8 
mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  7.5  to  8.5  mm,  males  from  3.9  to  4.2 


mm. 


Notes.  Males  and  females  were  matched 
because  of  finding  two  males  within  the 
distribution  range  of  females,  and  one 
from  the  type  locality.  The  epigyna  do  not 
contain  broken  palpal  pieces. 

Diagnosis.  Females  of  M.  anchicaya  dif- 
fer from  M.  sexspinosa  by  having  shorter 
posterior  forks  of  the  abdomen  (Fig.  655), 
by  being  smaller  in  size  and  by  having  a 
wider  median  bulge  of  the  epigynum  (Fig. 
656).  Males  differ  by  having  the  paracym- 
bium  curved  (Fig.  661)  and  the  knob  of 
the  paracymbium  toward  the  bulb  on  a 
stalk  (not  shown  in  illustration). 

Distribution.  Western  Colombia,  Ec- 
uador (Map  11). 

Paratypes.  COLOMBIA:  Dept.  Antio- 
quia.  Rio  Atrato  Valley,  1,000  m,  18  March 
1958,  59  (W.  Weyrauch,  EPC).  Choco.  Rio 
Atrato  Valley  nr.  Quibdo,  18  Jan.  1958,  39 
(W.  Weyrauch,  IMLT).  Valle.  Anchicaya, 
400  m,  1978,  29,  1977,  2<5  (W.  Eberhard, 


MCZ);  Lago  Calima,  1,300  m,  April  1976, 
9  (W.  Eberhard,  MCZ);  Queremal,  12  Feb. 
1976,  $  (W.  Eberhard,  MCZ);  Queremal 
to  Buenaventura,  17  Feb.  1935,  9  (H.  F. 
Schwarz,  AMNH);  28  km  E  of  Buenaven- 
tura, 20  Jan.  1970,  9,  July  1973,  9  (W. 
Eberhard,  MCZ);  near  Puerto  Patina,  10- 
13  July  1981,  9  (B.  Opell,  MCZ);  Rio  Ju- 
mundi,  1,000  m,  9  (W.  Eberhard,  MCZ). 
Cauca.  Silvia,  Aug.  1975,  9  (W.  Eberhard, 
MCZ).  Narino.  Barbacoas,  20  m  el.,  20 
March  1974,  29  (W.  Eberhard,  MCZ).  EC- 
UADOR: Pichincha  Prov.  10  km  W  Santo 
Domingo,  23  Feb.  1955,  9  (E.  I.  Schlinger, 
E.  S.  Ross,  CAS).  Imbabura.  Hacienda 
Paramba  [0°49'N:78°21'W],  May  1898,  39 
(Rosenberg,  BMNH). 

Micrathena  petrunkevitchi  new  species 
Figures  662-666;  Map  11 

Holotype.  Female  and  one  female  paratype  from 
Tonala,  Chiapas,  Mexico,  August  1909  (A.  Pe- 
trunkevitch,  AMNH).  The  species  is  named  after 
its  collector,  the  well  known  arachnologist. 

Description.  Female.  Carapace  black- 
ish brown  with  orange  rim.  Sternum 
blackish  brown.  Coxae  and  legs  brown. 
Carapace  with  a  median  and  transverse 
groove  and  several  posterior  longitudinal 
grooves.  Abdomen  forks  swollen  (Fig.  663). 
Total  length,  10.0  mm.  Carapace,  4.3  mm 
long,  3.0  mm  wide.  First  femur,  4.4  mm; 
patella  and  tibia,  4.2  mm;  metatarsus,  3.0 
mm;  tarsus,  1.2  mm.  Second  patella  and 
tibia,  3.9  mm;  third,  2.3  mm.  Fourth  fe- 
mur, 5.7  mm;  patella  and  tibia,  4.6  mm; 
metatarsus,  3.3  mm;  tarsus,  1.2  mm. 

Note.  Both  females  are  in  poor  condi- 
tion as  a  result  of  having  been  kept  in  a 
cork-stoppered  vial  for  seventy  years.  Pe- 
trunkevitch  considered  the  specimens  to 
be  M.  obtusispinosa. 

Diagnosis.  The  epigynum  distinguishes 


Figures  646-653.     Micrathena  guayas  n.  sp.  646-650.  Female.  646.  Lateral.  647.  Dorsal.  648.  Epigynum,  ventral.  649.  Epig- 
ynum, posterior.  650.  Epigynum,  lateral.  651-653.  Male.  651.  Dorsal.  652.  Left  palpus,  mesa!.  653.  Palpus,  lateral. 


Figures  654-661.    Micrathena  anchicaya  n.  sp.  654-658.  Female.  654.  Lateral.  655.  Dorsal.  656.  Epigynum,  ventral.  657. 
Epigynum,  posterior.  658.  Epigynum,  lateral.  659-661.  Male.  659.  Dorsal.  660.  Palpus,  mesal.  661.  Palpus,  lateral. 
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Figures  662-666.     Micrathena  petrunkevitchi  n.  sp.,  female.  662.  Lateral.  663.  Dorsal.  664.  Epigynum,  ventral.  665.  Epigynum, 
posterior.  666.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  646,  647,  651,  654,  655,  659,  662,  663,  1.0  mm. 
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this  species  from  all  others  of  the  M. 
sexspinosa  group.  It  lacks  pockets  on  the 
anterior  slope  of  the  bulge  and  lacks  the 
median  lobe  of  the  bulge  overhanging  the 
posterior  (Figs.  664-666).  The  openings 
are  probably  in  the  slits  to  the  side  of  the 
posterior  plate. 

Micrathena  pichincha  new  species 
Figures  667-674,  722;  Map  11 

Holotype.  Female,  and  one  female  and  one  male 
paratype  from  20  km  northeast  of  Alluriquin,  4,000 
m,  27  June  1975,  Pichincha  Prov.,  Ecuador  (S.  and 
J.  Peck,  MCZ).  The  specific  name  is  a  noun  in 
apposition  after  the  name  of  the  province  of  the 
type  locality. 

Description.  Female.  Abdomen  very 
contrastingly  marked,  black  and  white 
with  many  smaller  sized  light  spots  on 
venter.  Forks  of  abdomen  short  and  thick 
(Fig.  668);  first  pair  of  spines  longer  than 
the  second  (Fig.  667).  Total  length,  10.7 
mm.  Carapace,  3.9  mm  long,  3.1  mm 
wide.  First  femur,  3.5  mm;  patella  and 
tibia,  3.5  mm;  metatarsus,  2.0  mm;  tarsus, 
1.1  mm.  Second  patella  and  tibia,  3.2  mm; 
third,  2.1  mm.  Fourth  femur,  4.6  mm;  pa- 
tella and  tibia  3.6  mm;  metatarsus,  2.6 
mm;  tarsus,  1.1  mm. 

Male  with  trapezoidal  abdomen  and 
three  pairs  of  humps,  second  pair  large 
(Fig.  672).  Total  length,  6.0  mm.  Cara- 
pace, 2.5  mm  long,  1.6  mm  wide.  First 
femur,  1.6  mm;  patella  and  tibia,  1.7  mm; 
metatarsus,  0.9  mm;  tarsus,  0.5  mm.  Sec- 
ond patella  and  tibia,  1.6  mm;  third,  1.0 
mm.  Fourth  femur,  2.1  mm;  patella  and 
tibia,  1.9  mm;  metatarsus,  1.0  mm;  tarsus, 
0.6  mm. 

Variation.  Females  vary  in  total  length 
from  9.4  to  11.0  mm,  males  from  5.4  to 
6.0  mm.  One  female  had  six  spines  in  ad- 
dition to  the  two  forks  of  the  abdomen. 


Note.  Males  and  females  have  been  col- 
lected together. 

Diagnosis.  The  female  can  be  separat- 
ed from  others  by  the  long  grooves  or 
pockets  anteriorly  on  the  epigynum,  on 
each  side  of  a  relatively  small  median  lobe 
(Fig.  669).  The  openings  are  quite  far  dor- 
sal (close  to  the  body  wall)  and  have  only 
a  dorsal  lip  (Fig.  670).  The  male  can  be 
distinguished  from  other  species  by  the 
ventral  knob  of  the  paracymbium  being 
larger  than  the  dorsal  hook  (Fig.  674). 

Distribution.  North-central  Ecuador 
(Map  11). 

Paratypes.  ECUADOR:  Pichincha  Prov. 
Santo  Domingo,  7  Aug.  1969,  72,  2<5,  6 
imm.  (P.,  B.  Wygodzinsky,  AMNH);  16 
km  SE  of  Santo  Domingo,  680  m,  June 
1975,  3(5  (S.,  J.  Peck,  MCZ);  47  km  S  Santo 
Domingo,  June  1975,  22  (S.,  J.  Peck,  MCZ); 
2.9  km  SW  Tandavapa,  1,820  m,  20  Feb. 
1979,  6  (L.  Burnham,  MCZ);  Rio  Pilaton, 
2  (G.  W.  Prescott,  MCZ);  Tandapi,  1,300- 
1,500  m,  1965,  232  (L.  Pena,  MCZ);  Quito 
to  Santo  Domingo,  June  1963,  202  (L. 
Pena,  MCZ);  Lluriquia,  104  km  from  Qui- 
to, 750  m,  21  April  1958,  32  (W.  Wey- 
rauch,  EPC);  km  113,  via  Pto.  Quito,  19 
May  1984,  2  (L.  Aviles,  MECN). 

Micrathena  brevipes  (O.  P.-Cambridge) 
Figures  675-682,  723;  Map  11 

Acrosoma  brevipes  O.  P.-Cambridge,  1890:  62,  pi.  8, 
fig.  10,  6.  Two  male  syntypes  from  Bugaba,  Pan- 
ama (BMNH),  examined.  Keyserling,  1892:  12,  pi. 
1,  fig.  9,  (5. 

?Acrosoma  sedes  Getaz,  1893:  105.  Female  from  Pal- 
mares, plain  of  Diquis  [9°N,  84°W],  Costa  Rica, 
lost.  NEW  SYNONYMY. 

Micrathena  brevipes: — F.  P.-Cambridge,  1904:  531, 
pi.  50,  fig.  8,  S.  Roewer,  1942:  955.  Bonnet,  1957: 
2862.  Chickering,  1961:  398,  figs.  6-8,  S. 

Synonymy.  Acrosoma  sedes  may  be  this 
species  or  M.  sexspinosa.  In  the  L.  Koch 


Figures  667-674.     Micrathena  pichinctia  n.  sp.  667-671.  Female.  667.  Lateral.  668.  Dorsal.  669.  Epigynum,  ventral.  670. 
Epigynum,  posterior.  671.  Epigynum,  lateral.  672-674.  Male.  672.  Dorsal.  673.  Left  palpus,  mesal.  674.  Palpus,  lateral. 


Figures  675-682.     Micrattiena  brevipes  (O.  P.-Cambridge).  675-679.  Female.  675.  Lateral.  676.  Dorsal.  677.  Epigynum,  ven- 
tral. 678.  Epigynum,  posterior.  679.  Epigynum,  lateral.  680-682.  Male.  680.  Dorsal.  681.  Palpus,  mesal.  682.  Palpus,  lateral. 
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Figures  683-690.     Micrathena  donaldi  Chickering.  683-687.  Female.  683.  Lateral.  684.  Dorsal.  685.  Epigynum,  ventral.  686. 
Epigynum,  posterior.  687.  Epigynum,  lateral.  688-690.  Male.  688.  Dorsal.  689.  Palpus,  mesal.  690.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  667,  668,  672,  675,  676,  680,  683,  684,  688,  1.0  mm. 
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collection  (BMNH)  is  a  specimen  of  M. 
brevipes  labeled  as  M.  armata. 

Description.  Female  from  Costa  Rica. 
Forks  of  abdomen  long  and  slender  (Fig. 
676);  anterior  spines  large;  tiny  scars  in 
the  middle  on  each  side,  and  a  tooth  pos- 
teriorly on  each  side  (Fig.  675).  Total 
length,  8.6  mm.  Carapace,  3.5  mm  long, 
2.7  mm  wide.  First  femur,  3.5  mm;  pa- 
tella and  tibia,  3.4  mm;  metatarsus,  2.2 
mm;  tarsus,  1.1  mm.  Second  patella  and 
tibia,  3.3  mm;  third,  2.0  mm.  Fourth  fe- 
mur, 4.7  mm;  patella  and  tibia,  4.0  mm; 
metatarsus,  2.7  mm;  tarsus,  1.2  mm. 

Male  from  La  Selva,  Puerto  Viejo,  Cos- 
ta Rica.  Carapace  shiny  dark  brown.  Ster- 
num orange  with  white  pigment  at  ante- 
rior and  posterior  ends.  Legs  orange  with 
dusky  longitudinal  lines  dorsally.  Dorsum 
of  abdomen  brown  with  paired  black 
patches.  Abdomen  slightly  narrower  an- 
teriorly than  posteriorly,  sides  almost  par- 
allel and  slightly  lobed  (Fig.  680).  Total 
length,  4.0  mm.  Carapace,  1.8  mm  long, 
1.1  mm  wide.  First  femur,  0.9  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.6 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.0  mm;  third,  0.7  mm.  Fourth  fe- 
mur, 1.3  mm;  patella  and  tibia,  1.2  mm; 
metatarsus,  0.8  mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 
from  7.9  to  9.9  mm,  males  from  4.0  to  4.3 


mm. 


Note.  Males  and  females  have  been  col- 
lected together. 

Diagnosis.  The  female  is  distinguished 
from  M.  sexspinosa  by  having  longer, 
more  slender  abdominal  forks  (Fig.  676); 
in  posterior  view  the  epigynum  lacks  a 
septum,  unlike  M.  sexspinosa  and  M. 
donaldi.  Instead  it  has  a  transverse  swol- 
len ridge  with  the  openings  dorsal,  close 
to  the  body  wall  (Fig.  678),  as  in  M.  pi- 
chincha. 

The  male  differs  from  M.  sexspinosa 
and  M.  donaldi  by  having  the  two  parts 
of  the  paracymbium  equal  in  size  (Fig. 
682);  while  the  dorsal  part  is  longer  in  the 
two  other  species.  The  male  differs  from 
M.  pichincha,  which  has  a  similar  para- 


cymbium, by  having  a  longer  embolus  and 
terminal  apophysis  (Figs.  681,  682). 

Natural  History.  Females  have  been 
found  in  webs  in  low  vegetation  in  dense 
jungle  and  forest. 

Distribution.  Southern  Mexico  to 
northern  Panama  (Map  11). 

Records.  MEXICO:  Est.  Chiapas.  Pa- 
lenque  ruins  area,  2-11  July  1983,  9  (W. 
Maddison,  R.  S.  Anderson,  MCZ).  COSTA 
RICA:  Heredia  Prov.  Puerto  Viejo,  La 
Selva,  9,  S  (many  collections,  MCZ).  Ala- 
juela.  San  Carlos,  25  March  1980,  9 
(MZCR).  Limon.  Siquirres,  20-23  May 
1944,  9  (F.  Schrader,  AMNH);  Waldeck 
Farm,  4  Aug.  1930,  39,  S  (E.  Reimoser, 
NMW).  San  Jose.  San  Jose,  9  (N.  Banks, 
MCZ);  Braulio  Carillo  Natl.  Park,  26  July 
1983,  39  (H.  and  L.  Levi,  W.  Eberhard, 
MCZ),  25  Oct.  1981,  29  (A.  Coto,  MZCR); 
San  Francisco  de  Dos  Rios,  10  March  1981, 
9  (C.  Gomez,  MZCR).  Puntarenas.  IsIa 
Cano,  19  Feb.  1970,  29  (D.  C.  Robinson, 
MZCR).  PANAMA:  9  (BMNH).  Prov. 
Panama.  Alturas  Cerro  Campana,  Dist. 
Capira,  9  April  1977,  29  (A.  Arauz,  D. 
Quintero,  UPMI). 

Micrathena  donaldi  Chickering 
Figures  683-690,  727;  Map  11 

Micrathena  donaldi  Chickering,  1961:  405,  figs.  31- 
34,  S.  Male  holotype  from  Barro  Colorado  Island, 
Gatun  Lake,  Panama  (MCZ),  examined. 

Description.  Female.  Abdomen  with 
three  pairs  of  dorsal  spines,  median  one 
smallest,  and  long,  slender  fork  (Figs.  683, 
684).  Total  length,  9.4  mm.  Carapace,  3.7 
mm  long,  3.0  mm  wide.  First  femur,  4.2 
mm;  patella  and  tibia,  4.2  mm;  metatar- 
sus, 2.7  mm;  tarsus,  1.2  mm.  Second  pa- 
tella and  tibia,  3.7  mm;  third,  2.3  mm. 
Fourth  femur,  5.5  mm;  patella  and  tibia, 
4.5  mm;  metatarsus,  3.0  mm;  tarsus,  1.2 
mm. 

Male.  Carapace  very  smooth  with  a  me- 
dian circular  thoracic  mark.  Abdomen 
with  four  large  posterior  spines  and  four 
small  dorsal  ones  (Fig.  688).  Total  length, 
4.2  mm.  Carapace,  1.8  mm  long,  1.1  mm 
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wide.  First  femur,  1.3  mm;  patella  and 
tibia,  1.3  mm;  metatarsus,  0.7  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  1.2  mm; 
third,  0.8  mm.  Fourth  femur,  1.9  mm;  pa- 
tella and  tibia,  1.6  mm;  metatarsus,  1.1 
mm;  tarsus,  0.6  mm. 

Variation.  Females  vary  in  total  length 
from  8.2  to  10.3  mm,  males  from  4.2  to 
4.6  mm. 

Note.  Males  and  females  are  common 
on  Barro  Colorado  Island,  Gatun  Lake, 
Panama. 

Diagnosis.  Females  can  be  separated 
from  those  of  M.  sexspinosa  by  the  more 
slender  forks  of  the  abdomen  (Fig.  684) 
and  by  having  three  pairs  of  dorsal  spines 
(Fig.  683),  and  by  the  epigynum  having 
a  pair  of  pockets  on  the  anterior  face  on 
each  side  of  the  bulge  (Fig.  685).  They 
differ  from  females  of  M.  brevipes  in  hav- 
ing a  longitudinal  septum  in  posterior  view 
of  the  epigynum  (Fig.  686).  The  parts  of 
the  male  palpus  broken  off  after  mating 
extend  from  the  epigynal  openings  like  in- 
sect wings  and  are  diagnostic  (Fig.  727). 

Males  can  be  separated  from  M.  sex- 
spinosa by  having  a  much  shorter  para- 
cymbium  (Fig.  690)  and  a  slender,  curved 
embolus  (Fig.  689).  Males  differ  from  M. 
brevipes  by  having  a  longer  dorsal  part  to 
the  paracymbium  (Fig.  690). 

Distribution.  Costa  Rica  to  western  Co- 
lombia (Map  11). 

Records.  COSTA  RICA:  Prov.  Limon. 
Waldeck  Farm,  4  Aug.  1930,  9  (E.  Rei- 
moser,  NMW).  PANAMA:  Prov.  Panama. 
Barro  Colorado  Island,  Gatun  Lake,  99,  SS 
(common,  AMNH,  EPC,  MCZ);  Capira, 
11  Nov.  1979,  9  (J.  Regalado,  UPMI).  CO- 
LOMBIA: Dept.  Valle.  28  km  E  of  Buen- 
aventura, 9  (W.  Eberhard,  MCZ). 

Micrathena  soaresi  new  species 
Figures  691-695,  724;  Map  11 

Holotype.  Female  from  Mirassol,  Est.  Sao  Paulo, 
Brazil,  10  June  1964  (no.  3464,  MZSP).  The  species 
is  named  after  B.  M.  Soares,  Brazilian  arachnolo- 
gist. 

Description.  Female.  Carapace  orange- 
brown,  rim  whitish.  Sternum  dark  brown; 


coxae,  legs  orange-brown.  Posterior  me- 
dian eyes  slightly  larger  than  anteriors; 
anterior  laterals  equal;  posterior  laterals 
slightly  smaller  than  anterior  median  eyes. 
Abdomen  forked  with  four  spines  and  a 
pair  of  scars  in  between;  forks  short  (Figs. 
691,  692).  Total  length,  8.9  mm.  Cara- 
pace, 3.5  mm  long,  2.4  mm  wide.  First 
femur,  3.2  mm;  patella  and  tibia,  3.4  mm; 
metatarsus,  2.2  mm;  tarsus,  1.1  mm.  Sec- 
ond patella  and  tibia,  3.0  mm;  third,  1.9 
mm.  Fourth  femur,  4.3  mm;  patella  and 
tibia,  3.6  mm;  metatarsus,  2.6  mm;  tarsus, 
1.1  mm. 

Diagnosis.  This  species  differs  from  M. 
spinosa  and  M.  pichincha  by  having  a  flat 
area  in  posterior  view  of  the  epigynum 
(Fig.  694);  the  openings  are  tucked  in  slits 
dorsally  and  not  visible  in  posterior  view. 

Micrathena  spinosa  (Linnaeus) 
Figures  696-703,  720,  728;  Map  11 

Araneae  spinosa  Linneaus,  1758:  624.  Specimen  from 
America  (not  spinosa  of  most  authors).  Neotype 
here  designated  from  Santarem,  Brazil  (BMNH). 

Aranea  aculeata  Fabricius,  1775:  345.  Specimen  from 
America  (BMNH),  lost.  NEW  SYNONYMY. 

Aranea  elongatospinosa  De  Geer,  1778:  323,  pi.  39, 
figs.  11,  12,  juv.  or  2.  Specimen  from  Suriname, 
lost.  NEW  SYNONYMY. 

Micrathena  perlata  Simon,  1895:  852,  fig.  905;  1897b: 
467.  Juvenile  female  lectotype  here  designated 
from  Sao  Paulo  de  01iven9a  [Est.  Amazonas,  Bra- 
zil] (no.  244,  MNHN).  Male  paralectotype  is  M. 
triangularispinosa.  NEW  SYNONYMY. 

Micrathena  hamata  Chickering,  1960a:  3,  figs.  4-7, 
(3.  Male  holotype  and  one  paratype  from  Le  Para 
[Belem],  Brazil  (MCZ),  examined.  NEW  SYN- 
ONYMY. 

Synonymy.  Linnaeus  supplied  no  fig- 
ure, only  a  short  diagnosis:  "Aranea  spinis 
dorsalis  octonis,  posticis  duabus  patenti- 
bus,  abdomina  subtus  conico.  Habitat  in 
America."  De  Geer  (1778)  subsequently 
renamed  it  triangularispinosa  and  sup- 
plied a  figure  resembling  Figure  472,  of  a 
spider  having  only  six  dorsal  spines  and 
two  small  ones  posterior  and  below. 
DeGeer's  figure  does  not  fit  Linnaeus'  de- 
scription of  eight  dorsal  spines,  the  pos- 
terior two  most  distinct.  After  examining 
the  many  species  of  Micrathena,  I  find 
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that  Linnaeus'  description  fits  only  im- 
mature females  of  the  common  sexspi- 
nosa  group  (Figs.  720,  721).  It  is  much 
more  likely  that  Linnaeus  had  specimens 
from  the  Amazon  and  northeastern  South 
America  than  from  Central  American  or 
western  South  America.  There  are  two 
species  of  this  group  found  in  the  Amazon 
and  northeastern  South  America,  one 
which  has  usually  been  referred  to  as 
sexspinosa  (Chickering,  1961).  Since  us- 
ing Linnaeus'  name  for  sexspinosa  would 
upset  the  stability  of  a  name,  an  arbitrary 
decision  has  been  made  to  use  it  for  this 
species  whose  oldest  certain  name  was  ha- 
mata  Chickering. 

The  synonymy  of  A.  aculeata  Fabricius 
and  of  A.  elongatospinosa  DeGeer  is  un- 
certain. Both  belong  to  the  A.  sexspinosa 
group  and  are  most  likely  this  species.  Mi- 
crathena  perlata  has  two  specimens  in  the 
same  vial:  a  juvenile  female,  described  by 
Simon,  and  an  adult  male.  The  juvenile 
has  been  designated  lectotype  and  is  prob- 
ably this  species.  The  male  is  M.  trian- 
gularispinosa. 

Description.  Female.  Abdomen  bi- 
forked,  with  two  pairs  of  spines,  first  pair 
slightly  longer  than  second  (Figs.  696, 
697).  Total  length,  10.0  mm.  Carapace, 
4.2  mm  long,  3.1  mm  wide.  First  femur, 
4.2  mm;  patella  and  tibia,  4.3  mm;  meta- 
tarsus, 2.8  mm;  tarsus,  1.2  mm.  Second 
patella  and  tibia,  4.0  mm;  third,  2.6  mm. 
Fourth  femur,  5.4  mm;  patella  and  tibia, 
4.6  mm;  metatarsus,  3.2  mm;  tarsus,  1.2 
mm. 

Male.  Abdomen  trapezoidal,  sides  un- 
dulating (Fig.  701).  Total  length,  4.5  mm. 
Carapace,  1.9  mm  long,   1.1   mm   wide. 


First  femur,  1.2  mm;  patella  and  tibia,  1.2 
mm;  metatarsus,  0.7  mm;  tarsus,  0.4  mm. 
Second  patella  and  tibia,  1.0  mm;  third, 
0.7  mm.  Fourth  femur,  1.4  mm;  patella 
and  tibia,  1.2  mm;  metatarsus,  0.7  mm. 

Variation.  Females  vary  in  total  length 
from  8.8  to  11.5  mm,  males  from  4.5  to 
4.7  mm. 

Note.  A  male  is  with  a  collection  of  fe- 
males from  Kartabo,  Guyana  (CUC),  from 
Vila  Amazonas,  Brazil  (CAS)  and  from 
Belem  (MEG).  Palpal  parts  remaining  in 
the  epigynum  are  illustrated  in  Figure  728. 

Diagnosis.  Females  of  M.  spinosa  can 
be  distinguished  from  the  sympatric  M. 
sexspinosa  by  having  a  pair  of  pockets  on 
the  bulge  of  the  epigynum  in  ventral  view 
(Fig.  698);  in  posterior  view  by  having  the 
deep  opening  close  to  the  ventral  body 
wall  (Fig.  699);  and  by  lacking  the  septum 
of  M.  sexspinosa. 

The  male  can  be  separated  by  the  distal 
hook  of  the  relatively  flat  paracymbium 
(Fig.  703);  that  of  M.  sexspinosa  is  long 
and  tubular. 

Distribution.  Guianas  and  Amazon  re- 
gion of  Brazil  (Map  11). 

Records.  GUYANA:  9  (R.  W.  G.  Kings- 
ton, BMNH);  Kartabo,  many  collections, 
99,  S$  (CUC,  AMNH);  source  of  Kutari 
River,  1936,  9  (BMNH);  Morabalh  Riv., 
Essequibo  Riv.,  24  km  above  Bartica,  9 
(BMNH).  SURINAME:  Brokopondo  Prov. 
Browns  Berg,  20  Feb.  1982,  9  (D.  Smith 
Trail,  MCZ).  Suriname.  Republiek,  June 
1963  (P.  H.  van  Doesburg,  AMNH).  BRA- 
ZIL: Terr.  Amapd.  Villa  Amazonas,  29 
May  1964,  29,  6  (C.  E.,  E.  S.  Ross,  CAS); 
Macapa,  June  1966,  9  (IBSP).  Est.  Para. 
Santarem,  89  (BMNH);  Belem,  9,  $  (MCZ), 


Figures  691-695.     Micrathena  soaresin.  sp.,  female.  691.  Lateral.  692.  Dorsal.  693.  Epigynum,  ventral.  694.  Epigynum,  pos- 
terior. 695.  Epigynum,  lateral. 

Figures  696-703.     Micrathena  spinosa  (Linnaeus).  696-700.  Female.  696.  Lateral.  697.  Dorsal.  698.  Epigynum,  ventral.  699. 
Epigynum,  posterior.  700.  Epigynum,  lateral.  701-703.  Male.  701.  Dorsal.  702.  Left  palpus,  mesal.  703.  Palpus,  lateral. 

Figures  704-71 1 .     Micrathena  coca  n.  sp.  704-708.  Female.  704.  Lateral.  705.  Dorsal.  706.  Epigynum,  ventral.  707.  Epigynum, 
posterior.  708.  Epigynum,  lateral.  709-711.  Male.  709.  Dorsal.  710.  Palpus,  mesal.  711.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  691,  692,  696,  697,  701,  704,  705,  709,  1.0  mm. 


MiCRATHENA  AND  Chaetacis  •  Levi        583 


584         Bulletin  Museum  of  Comparative  Zoology,  Vol.  150,  No.  8 


Aug.  1971,  29,  S  (M.  E.  Galiano,  MEG), 
Nov.  1961,  9  (A.  R.  Hoge,  IBSP);  Caninde, 
Rio  Gurupi,  Feb.-May  1964,  9  (J.  Carval- 
ho,  AMNH).  Amazonas.  Tefe,  Nov. -Dec. 
1920,  39  (H.  S.  Parish,  MCZ). 

Micrathena  coca  new  species 
Figures  704-711,  725,  729;  Map  11 

Holotype.  Female  from  Coca,  Napo  River,  Prov. 
Napo,  Ecuador,  May  1965  (L.  Pena,  MCZ).  The 
specific  name  is  a  noun  in  apposition  after  the  type 
locahty. 

Description.  Female.  Venter  of  abdo- 
men with  three  large  white  patches  on 
black  (Fig.  725).  Posterior  spines  of  ab- 
domen as  long  as  anterior  spines  (Fig.  704). 
Total  length,  11.0  mm.  Carapace,  3.9  mm 
long,  2.9  mm  wide.  First  femur,  4.0  mm; 
patella  and  tibia,  3.8  mm;  metatarsus,  2.5 
mm;  tarsus,  1.2  mm.  Second  patella  and 
tibia,  3.6  mm;  third,  2.2  mm.  Fourth  fe- 
mur, 5.0  mm;  patella  and  tibia,  4.1  mm; 
metatarsus,  2.7  mm;  tarsus,  1.2  mm. 

Male  from  Tingo  Maria,  Peru.  Cara- 
pace brownish  black,  very  shiny.  Sternum 
dark  brown  underlain  by  some  white  pig- 
ment. Legs  dark  brown,  first  two  femora 
darkest.  Dorsum  of  abdomen  with  three 
white  patches  on  brownish  black;  venter 
black.  Abdomen  longer  than  wide,  narrow 
in  front  and  with  a  posterior  median  notch 
(Fig.  709).  Total  length,  4.7  mm.  Cara- 
pace, 2.0  mm  long,  1.2  mm  wide.  First 
femur,  1.2  mm;  patella  and  tibia,  1.2  mm; 
metatarsus,  0.6  mm;  tarsus,  0.5  mm.  Sec- 
ond patella  and  tibia,  1.2  mm;  third,  0.6 
mm.  Fourth  femur,  1.3  mm;  patella  and 
tibia,  1.2  mm;  metatarsus,  0.7  mm;  tarsus, 
0.5  mm. 

Variation.  Females  vary  in  total  length 
from  10.9  to  11.6  mm.  The  white  patch 
behind  the  spinnerets  may  be  absent.  In 
posterior  view  the  shape  of  the  median 
septum  of  the  epigynum  close  to  the  body 
wall  is  quite  variable,  sometimes  narrow- 
er, sometimes  with  the  dorsal  piece  point- 
ed. 

Note.  Males  have  been  collected  with 
females  in  Manaus,  Brazil. 

Diagnosis.  Females  of  M.  coca  differ 


from  M.  spinosa  by  the  pair  of  white 
patches  on  the  underside  of  the  abdomen 
(Fig.  725)  and  by  the  wider  septum  in 
posterior  view  of  the  epigynum  (Fig.  707). 
The  paracymbium  of  the  male  palpus  is 
longer  and  the  distal  end  curved  in  the 
opposite  direction  from  that  of  M.  spinosa 
(Fig.  711). 

Natural  History.  Females  from  Limon- 
cocha  were  collected  in  Amazonian  rain- 
forest. 

Distribution.  Upper  Amazon  area  (Map 
11)- 

Paratypes.  VENEZUELA:  Prov.  Ara- 
gua.  Rancho  Grande,  Feb.  1968,  9  (Wil- 
liner,  MACN).  COLOMBIA:  Dept.  Co- 
queta.  Rio  Orteguaza,  Aug. -Sept.  1947,  29 
(L.  Richter,  AMNH).  ECUADOR:  Dept. 
Napo.  Pompeya,  Rio  Napo,  May  1965,  29 
(L.  Pena,  MCZ);  Limoncocha,  240  m,  6 
Feb.  1979,  29  (L.  Burnham,  MCZ).  Napo. 
Tarapuy,  Nov.  1982,  9,  25  May  1984,  9  (L. 
Aviles,  MECN);  Archidona,  21  Aug.  1964, 
9  (D.  Seiwa,  AMNH);  Dureno,  S  of  Rio 
Aguarico,  150-200  m,  Sept.  1977,  9  (L. 
Pena,  AMNH).  Pastaza.  Sarayacu,  9  (O. 
C.  Felton,  MCZ).  PERU:  Dept.  Hudnuco. 
Aucayacu,  1  June  1967,  9  (A.  F.  Archer, 
AMNH);  Tingo  Maria,  31  May  1967,  <5  (A. 
F.  Archer,  AMNH),  Dec.  1946,  59  (W. 
Weyrauch,  AMNH);  Cucharas,  1954,  119 
(F.  W.  Woytkowski,  EPC).  Loreto.  Iqui- 
tos.  May  1920,  49  (H.  S.  Parish,  MCZ);  Rio 
Pacaya,  1912,  39  (BMNH).  BRAZIL:  Est. 
Amazonas.  Jan.  1884,  9  (NMW);  Sao  Ga- 
briel, 4  Jan.  1924,  9  (A.  Roman,  NRS);  Rio 
Autas,  Capiranga,  31  Aug.  1914,  9  (A.  Ro- 
man, NRS);  Manaus,  Aug.  1971,  29,  3  (M. 
E.  Galiano,  MEG). 

Micrathena  sexspinosa  (Hahn) 
Plate  1 ;  Figures  71 2-71 9,  721 ,  726,  730, 
731;  Map  11 

Epeira  sexspinosa  Hahn,  1822:  pi.  4,  figs.  A  and  a 
(labeled  Epeira  furcata  mihi).  Specimen  from  Su- 
riname  in  Hahn's  collection,  lost. 

Acrosoma  sexspinosum: — Hahn,  1834:  18,  fig.  107, 
2  (illustration  labeled  A.  furcata).  Specimen  from 
Brazil  in  Sturm's  collection,  lost. 

Plectana  squamosa  Walckenaer,  1841:  185.  Speci- 
mens without  locality,  lost. 
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Acrosoma  obtusospinum  Keyserling,  1863:  76,  pi.  2, 
fig.  9,  9.  Two  female,  two  juvenile  syntypes  from 
St.  Andres  [San  Andres,  Veracruz],  Mexico 
(BMNH),  examined. 

Acrosoma  petersii  Taczanowski,  1872:  277,  pi.  6,  fig. 
28.  Juvenile  female  lectotype  here  designated,  three 
juvenile  paralectotypes,  two  last  instar  males  from 
St.  Laurent  de  Moroni,  French  Guiana  and  Uassa 
[Amapa,  Brazil]  (PAN),  examined.  NEW  SYN- 
ONYMY. 

Keyserlingia  cornigera  O.  P. -Cambridge,  1890:  58, 
pi.  4,  fig.  2,  $.  Male  holotype  from  Bugaba,  Pana- 
ma (BMNH),  examined.  Synonymized  by  Chick- 
ering,  1960. 

Acrosoma  calcaratum  O.  P. -Cambridge,  1890:  62, 
pi.  8,  fig.  8,  S.  Male  holotype  from  Bugaba,  Pana- 
ma (BMNH),  examined.  Keyserfing,  1892:  11,  pi. 
1,  fig.  8,  <?. 

Micrathena  obtusospina: — F.  P. -Cambridge,  1904: 
531,  pi.  50,  fig.  9,  9. 

Micrathena  cornigera: — F.  P. -Cambridge,  1904:  532, 
pi.  50,  fig.  10,  $. 

Micrathena  sexspinosa: — Reimoser,  1917:  126,  pi.  8, 
fig.  23,  9.  Roewer,  1942:  963.  Bonnet,  1957:  2877. 
Chickering,  1961:  456,  figs.  174-180,  9,  S. 

Synonymy.  In  1822  Hahn  inverted  pic- 
tures and  names  of  Epeira  furcata  and 
Epeira  sexspinosa,  and  again  in  1834  with 
Acrosoma  bifurcata  and  A.  sexspinosa.  In 
1834  Hahn  under  the  text  heading  A.  bi- 
furcata has  "A.  6-spinosa,  in  Tabula"  in 
brackets.  Reimoser  (1917)  does  not  men- 
tion Hahn's  confusion  and  illustrated  (fig. 
23)  the  species  he,  Chickering  and  I  con- 
sider sexspinosa.  Bonnet  (1957:  2862) 
mentions  the  inversion  in  a  footnote. 

I  follow  here  previous  revisers  (Reimo- 
ser, 1917;  Chickering,  1961)  in  consider- 
ing obtusospina  a  synonym  of  sexspinosa, 
although  Hahn's  figure  could  be  M.  spi- 
nosa  (Linn.). 

Some  synonyms,  names  based  on  juve- 
nile types,  are  to  some  extent  arbitrary: 
petersii  from  French  Guiana  could  be  spi- 
nosa.  Keyserlingia  cornigera  and  Acro- 
soma calcaratum  are  males  of  this  species. 

The  name  sexspinosa  has  been  used  in 
the  literature  for  females  of  all  members 
of  this  species  group. 

Description.  Female  from  Panama.  Ab- 
domen with  two  pairs  of  slender  dorsal 
spines;  rarely  a  smaller  spine  in  between 
(Figs.  712,  713).  Total  length,  11.0  mm. 
Carapace,  3.8  mm  long,  2.7  mm  wide. 


First  femur,  4.0  mm;  patella  and  tibia,  3.7 
mm;  metatarsus,  2.5  mm;  tarsus,  1.2  mm. 
Second  patella  and  tibia,  3.5  mm;  third, 

2.2  mm.  Fourth  femur,  5.3  mm;  patella 
and  tibia,  4.0  mm;  metatarsus,  3.1  mm; 
tarsus,  1.2  mm. 

Male  from  Panama.  Abdomen  trape- 
zoidal, with  two  posterolateral  lobes  (Fig. 
717).  Total  length,  5.2  mm.  Carapace,  2.1 
mm  long,  1.9  mm  wide.  First  femur,  1.4 
mm;  patella  and  tibia,  1.3  mm;  metatar- 
sus, 0.7  mm;  tarsus,  0.5  mm.  Second  pa- 
tella and  tibia,  1.2  mm;  third,  0.8  mm. 
Fourth  femur,  1.6  mm;  patella  and  tibia, 

1.3  mm;  metatarsus,  0.9  mm;  tarsus,  0.5 
mm. 

Variation.  Females  vary  in  total  length 
from  7.7  to  11.8  mm,  males  from  4.5  to 
5.2  mm.  Both  spines  and  forks  are  ex- 
tremely variable  and  often  resemble  in 
each  region  the  spination  of  the  endemic 
species  of  this  group. 

Note.  Males  and  females  were  first  as- 
sociated by  Chickering  (1961)  and  have 
been  collected  together  in  Mexico,  Pana- 
ma and  Colombia.  The  terminal  apophy- 
sis and  embolus  of  the  male  palpus  (Fig. 
731)  match  the  structure  found  in  the  fe- 
male epigynum  (Fig.  730). 

Diagnosis.  Females  can  be  differentiat- 
ed from  other  members  of  this  species 
group  by  the  lack  of  grooves  on  the  an- 
terior of  the  epigynal  bulge  (Fig.  714),  by 
the  equal  diameter  of  the  median  lobe  and 
the  lateral  depressions  (Fig.  714),  and  by 
the  median  septum  in  posterior  view  (Fig. 
715).  The  unique  long,  tubular  paracym- 
bium,  a  spur  (Figs.  718,  719,  731),  sepa- 
rates the  males  from  all  other  Micrathena 
species. 

Natural  History.  Females  have  been 
collected  from  "pine  forest"  (Chiapas), 
"forest  trail"  (Colombia)  and  "low  vege- 
tation in  primary  forest"  (Costa  Rica).  The 
orange  eggs  are  in  a  pale  yellow  egg-sac. 

Distribution.  Mexico  to  Colombia  and 
Ceara,  Brazil  (Map  11). 

Records.  MEXICO:  Est.  Baja  Califor- 
nia. Isla  Sta.  Magarita,  9  (MCZ).  San  Luis 
Potosi.   Ciudad  de   Maiz,  22.    Veracruz. 
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Poza  Rica,  9;  Fortin,  9.  Tabasco.  2.4  km 
E  of  Teapa,  9.  Quintana  Roo.  Kohunlich 
ruins,  9  km  S  Francisco  Villa,  9.  Chiapas. 
24  km  NW  of  Arriaga,  9;  Cerro  de  Mad- 
rigal, 9,  5;  Palenque  ruins,  9,  3;  Simojovel, 
$.  GUATEMALA:  El  Peten.  Tikal,  39. 
HONDURAS:  Lancetilla,  9.  NICARA- 
GUA: nr.  Managua,  49.  COSTA  RICA: 
Prov.  Heredia.  Tiribi;  Puerto  Viejo,  29. 
Alajuela.  La  Fortuna.  Guanacaste.  Tilar- 
an,  39.  Limon.  Bomba,  nr.  Limon;  Si- 
quirres,  29;  Cohuita;  Waldeck  Farm,  9; 
Hamburg  Farm,  89,  25.  Cartago.  Turrial- 
ba.  San  Jose.  Surubres.  Puntarenas.  Gol- 
fito;  Rincon  de  Osa,  9;  52  km  E  of  Palmar 
Sur,  9.  PANAMA:  Prov.  Panama,  com- 
mon. Boca  del  Toro.  Rio  Changuinola,  nr. 
Quebrada  El  Guabo,  16  km  W  of  Almi- 
rante.  Los  Santos.  Corozal.  Code.  El  Valle. 
Chiriqui.  El  Volcan,  Chiriqui;  David. 
LESSER  ANTILLES:  Trinidad.  Maracas 
Valley,  9;  SW  Navy  Base,  9,  5;  Port  of 
Spain,  9;  Blanchisseuse,  9;  Sangre  Grande, 
9.  VENEZUELA:  Est.  Monagas.  Caripito, 
9.  GUYANA:  Bartica  Distr.  Kartabo,  9. 
Upper  Ireng  River,  Pakaraima  Mts.,  39. 
SURINAME:  Makambi  Kabelstation,  9; 
Brownsberg.  FRENCH  GUIANA:  Cay- 
enne, 9,  6.  COLOMBIA:  Dept.  Cesar.  Fin- 
ca  San  Jose,  Socorpa  Mission,  Sierra  de 
Perija,  1,450-1,500  m,  29,  43.  Magdalena. 
Minca  Vail.,  Sierra  Nevada  de  Santa  Mar- 
ta,  900  m,  59,  203.  Santander.  Rio  Opon, 
1,000  m,  9.  Antioquia.  Mutata,  39.  Meta. 
El  Porvenir,  9;  Villavicencio,  500  m  el.,  3; 
20  km  W  Villavicensio,  9;  Cisneres,  Rio 
Quebrada  Descansion,  3;  15  km  SW  Puer- 


to Lopez,  200  m,  9,  3;  Carimagua,  3.  Bo- 
yacd.  Rio  Suarez,  800-1,000  m,  9;  Rio 
Dpan,  39.  Cundinamarca.  Monteredondo, 
1,200  m,  9.  Valle.  Cali  Distr.,  9.  ECUA- 
DOR: Prov.  Esmeraldas.  Carondelet,  49 
(BMNH).  BRAZIL:  Est.  Para.  Belem,  9 
(AMNH);  Santarem,  29  (NMW).  Ceard. 
Maranguape  Mts.,  9  (MCZ). 

Micrathena  funebris  (Marx  in  Banks) 
Plate  1;  Figures  732-740;  Map  12 

Acrosoma  funebre  Marx  in  Banks,  1898:  249.  Female 
syntypes  from  Calmilla  Mines  and  Sierra  San 
Nicholas  [Baja  California]  (CAS),  destroyed;  two 
syntypes  from  Mazatlan  (MCZ),  examined. 

Acrosoma  maculata  Banks,  1900:  100.  Female  ho- 
lotype  from  Arizona  (MCZ),  examined. 

Micrathena  granulata  F.  P. -Cambridge,  1904:  533, 
pi.  50,  fig.  12,  6.  Male  holotype  from  Teapa,  Mex- 
ico (BMNH),  examined. 

Micrathena  catenulata  F.  P. -Cambridge,  1904:  538, 
pi.  51,  fig.  24,  9.  Three  female  syntypes  from  Sa- 
kiyac,  Chamiquin,  four  in  poor  condition  from  Ca- 
habon,  two  in  poor  condition  from  Quezaltepeque, 
and  two  females  from  Ayutla,  Guatemala  with  lo- 
cality labels  only  (BMNH),  examined  and  labeled. 
Reimoser,  1917:  97.  Roewer,  1942:  955.  Bonnet, 
1957:  2863.  Chickering,  1961:  398,  figs.  9-13,  9. 
NEW  SYNONYMY. 

Micrathena  funebris: — Levi,  1978:  428,  figs.  28-40, 
9,  $. 

Synonymy.  Specimens  of  M.  catenu- 
lata were  within  the  variation  found  in  M. 
funebris. 

Variation.  Females  vary  in  total  length 
from  5.2  to  7.6  mm,  males  from  3.1  to  4.5 
mm.  This  is  a  variable  species.  The  cara- 
pace of  females  ranges  in  color  from  yel- 
low to  black,  with  or  without  a  narrow 


Figures  712-719.     Micrathena  sexspinosa  (Hahn).  712-716.  Female.  712.  Lateral.  713.  Dorsal.  714.  Epigynum,  ventral.  715. 
Epigynum,  posterior.  716.  Epigynum,  lateral.  717-719.  Male.  717.  Dorsal.  718.  Left  palpus,  mesal.  719.  Palpus,  lateral. 

Figures  720-721.    Immatures  of  spinosa  group.  720.  Micrathena  spinosa.  721.  Micrathena  sexspinosa. 

Figures  722-726.    Venter  of  female  abdomen.  726.  Sternum  and  abdomen.  722.  M.  pichincha.  723.  M.  brevipes.  724.  M. 
soaresi.  725.  M.  coca.  726.  M.  sexspinosa. 

Figures  727-730.     Epigynum  plugged  by  terminal  apophyses  and  emboli.  727.  M.  donaldi.  728.  M.  spinosa.  729.  M.  coca.  730. 
M.  sexspinosa. 

Figure  731.    Expanded  left  palpus  of  M.  sexspinosa  showing  embolus  (E)  and  terminal  apophysis  (A).  The  other  face,  the 
"underside"  of  the  left  terminal  apophysis  and  left  embolus,  are  seen  in  the  epigynum  (Fig.  730). 

Scale  lines.  0.1  mm,  except  Figures  712,  713,  717,  720-726,  1 .0  mm. 
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Map  12.     Distribution  of  Micrathena  funebris. 

rim.  It  has  from  two  to  eight  soft  projec- 
tions on  the  abdomen.  If  with  two  projec- 
tions, the  third  pair  are  present;  the  most 
hkely  pairs  to  be  lost  are  the  first  (the  an- 
terolaterals) and  the  fourth  (posteroven- 
trals).  Some  females  have  only  a  few  black 
marks  on  the  abdomen  (Fig.  733),  others 
are  black,  white  and  orange,  resembling 
the  colors  of  immature  widow  spiders 
Latrodectus  (Fig.  734).  The  epigynum  is 
variable  in  outline,  but  sometimes  with  a 
light  patch  on  the  anterior  face  (Fig.  735). 
Males  have  a  variable  number  of  macro- 
setae  on  the  first  femora  (Fig.  738).  Other 
illustrations  are  in  Levi,  1978:  figures  16- 
27. 

Note.  Several  collections  contain  series 
of  females  collected  with  males. 

Diagnosis.  There  are  no  similar  species. 
The  shape  of  the  abdomen,  longer  than 
wide,  with  variable  number  of  fleshy  pro- 
jections, is  diagnostic,  as  is  the  bulging 
epigynum,  whose  openings  are  postero- 
dorsal  and  always  apart  (Figs.  735-737). 

Males  have  a  unique  median  apophysis 
bearing  a  thorn  and  an  adjacent  shorter 
spine  (Fig.  739),  and  a  rectangular  para- 
cymbium  with  punctate  sculpturing  (Fig. 
740). 


Distribution.  Arizona  to  Costa  Rica 
(Map  12). 

Records.  USA:  Arizona.  Pima  Co:  Sa- 
bino  Pond  (JAB).  MEXICO:  Est.  Sonora. 
(AMNH);  Minas  Nuevas  (AMNH);  Ala- 
mos (AMNH),  29  (CAS);  Ciudad  Obregon, 
9  (CAS).  Baja  California.  14  km  SW  La 
Paz,  9  (EMUC);  8  km  S  Miraflores,  9 
(EMUC).  San  Luis  Potosi.  Tamazunchale 
(AMNH);  Huichihuayan  (AMNH);  5  km 
W  El  Naranjo,  29  (LC).  Sinaloa.  64  km  S 
of  Culiacan  (AMNH).  Nayarit.  Tepic 
(AMNH);  La  Mesa  (AMNH);  SE  Tepic,  9 
(CAS).  Veracruz.  SE  of  Cordoba,  9  (JB). 
Michoacan.  16  km  S  Uruapan,  29 
(EMUC).  Oaxaca.  SE  of  Nejapa  (AMNH); 
Tehuantepec  (AMNH);  Soyaltepec 
(AMNH);  Temescalapa,  29,  $  (MCZ);  13 
km  S  Tuxtepec,  6<5  (MCZ).  Tabasco.  Tea- 
pa  (AMNH).  Campeche.  San  Jose 
(AMNH);  6  km  W  of  Francisco  Escarce- 
ga,  9  (MCZ).  Yucatan.  Chichen  Itza 
(AMNH);  Cardillera  Mayapan  (AMNH); 
Colonia  Yucatan,  S  (MCZ).  Quintana  Roo. 
Tumba  (AMNH);  Tancah  (MCZ).  Chia- 
pas. Escuintla  (MCZ);  Ocosingo  (AMNH); 
Huehuetan  (AMNH);  105  km  SE  Palen- 
que,  9  (MCZ).  GUATEMALA:  Variedades 
(AMNH);  Chicacao;  Amatitlan  (AMNH); 
Tikal,  29  (EMUC);  Nueva  Concepcion,  9 
(CAS).  HONDURAS:  Lancetilla  (MCZ). 
Tela,  (MCZ).  COSTA  RICA:  Prov.  Car- 
tago.  Turrialba,  9  (AMNH).  Guanacaste. 
Bagaces,  Palo  Verde,  9  (MCZ).  Punta- 
renas.  24  km  S  of  Volcan,  12  July  1970,  9 
(S.  Riechert,  SR). 

The  gracilis  Group 

The  gracilis  group  is  characterized  by 
the  distinct  genitalia.  In  females,  the  bulge 
of  the  epigynum  is  drawn  out  into  a  lat- 
erally flattened  tip,  with  the  flat  area 
slightly  indented  (Figs.  743-745,  748-750). 
The  male  palpus  has  a  weakly  sclerotized 
median  apophysis  bearing  a  soft  white  fin- 


Figures  732-740.  Micrathena  funebris  (Marx  in  Banks).  732-737.  Female.  732.  Lateral.  733.  Dorsal  (Chiapas).  734.  Abdomen, 
dorsal  (San  Luis  Potosi).  735.  Epigynum,  ventral.  736.  Epigynum,  posterior.  737.  Epigynum,  lateral.  738-740.  Male.  738.  Dorsal 
with  first  femur.  739.  Left  palpus,  mesal.  740.  Palpus,  lateral. 
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Figures  741-745.     Micrathena  striata  F.  P.-Cambridge,  female.  741.  Lateral.  742.  Dorsal.  743.  Epigynum,  ventral.  744.  Epigy- 
num,  posterior.  745.  Epigynum,  lateral. 


Figures  746-750.     Micrathena  margerita  n.  sp.,  female.  746.  Lateral.  747.  Dorsal.  748.  Epigynum,  ventral.  749.  Epigynum, 
posterior.  750.  Epigynum,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  732-734,  738,  741,  742,  746,  747,  1.0  mm. 
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Map  13.     Distribution  of  Micrathena  species  of  tfie  gracilis  group. 
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ger  (Figs.  768,  772,  782).  The  palpal  tibia 
is  not  modified  (not  drawn  out  distally  on 
its  mesal  side).  Most  parts  of  the  palpus 
appear  weakly  sclerotized. 

The  abdomen  of  all  females  has  the  ring 
around  the  spinnerets  only  lightly  sclero- 
tized. Males  have  a  rectangular  to  elon- 
gate abdomen  that  may  be  posteriorly 
segmented  (Figs.  767,  771,  781).  All  lack 
a  hook  on  the  first  coxa  and  a  correspond- 
ing groove  on  the  second  femur. 

Diagnostic  features  for  species  are,  in 
females,  the  number  and  shape  of  abdom- 
inal spines  (Figs.  742,  752,  757,  763,  777). 
In  males  the  easiest  diagnostic  feature  is 
the  shape  of  the  paracymbium  (Figs.  769, 
773,  783),  and  perhaps  the  shape  of  the 
abdomen  (Figs.  767,  771,  781). 

Specimens  collected  together  are  gen- 
erally similar.  The  extreme  variation  in 
shape  of  the  female  abdomen  in  several 
species  (M.  forcipata,  Figs.  762,  763;  M. 
gracilis  and  M.  horrida.  Figs.  774-777)  is 
unusual. 

Most  species  are  found  in  southern 
Mexico  and  Guatemala.  Only  one,  M.  hor- 
rida, is  found  in  South  America  (Map  13). 

Key  to  the  gracilis  Group 

Females 

1.  Abdomen  as  long  as  wide,  with  only  four 
humps  (Figs.  756,  757);  Mexico,  Map  13 
- glyptogonoides 

-  Abdomen  usually  longer  than  wide,  with 

six  or  more  humps  or  spines  (Figs.  741, 

746,  751,  770,  774) 2 

2(1)  Abdomen  with  six  humps  (rarely  eight)  or 

spines 3 

Abdomen  with  at  least  10  humps  or  spines 

6 

3(2)  Second  pair  of  spines  with  granular  texture, 

often  with  neck  and  widest  near  tip  (Figs. 

762,    763);    Yucatan,    Cuba,    Hispaniola, 

Map  1 3 forcipata 

-  Second  pair  of  spines  smooth  and  without 

neck;  Mexico  and  Central  America  4 

4(3)  Spines  small  and  subequal  in  size  (Figs.  751, 

752);  Central  Mexico,  Map  13 spinulata 

-  First  and  second  pair  of  spines  much  larger 

than  third  (Figs.  741,  746)  5 

5(4)  Abdomen  length  twice  width,  slightly  con- 
stricted before  posterodorsal  spines  (Fig. 
747);  Chiapas,  Map  13  margerita 

-  Abdomen  length  at  most  one  and  a  half 

times  width,  without  posterodorsal  con- 


striction (Fig.  742);  Chiapas,  Guatemala, 

Map  1 3 striata 

6(2)  Abdomen  with  12  or  more  humps  or  spines 
(Figs.  llA-111),  and  with  ventral  hump 
behind  spinnerets  (Figs.  774,  775);  Mex- 
ico, West  Indies  to  southeastern  Brazil, 
Map  1 3 horrida 

-  Abdomen  with  10  humps  or  spines,  without 

ventral  hump  behind  spinnerets  (Fig. 
770);  eastern  North  America  to  Costa 
Rica,  Map  13  gracilis 

Males 

(Only  the  males  of  M.  forcipata,  M.  gracilis  and 
M.  horrida  are  known.) 

1.  Posterior  end  of  abdomen  truncate  (Fig. 
767);  paracymbium  a  flat  lobe  without 
keel  (Fig.  769);  Yucatan,  Cuba,  Hispan- 
iola, Map  13 forcipata 

Posterior  end  of  abdomen  appearing  seg- 
mented (Figs.  771,  781);  paracymbium 
with  a  keel  (Figs.  773,  783)  2 

2(1)  Base  of  paracymbium  with  a  keel  parallel 
to  axis  of  cymbium,  next  to  a  flat  lobe 
(Fig.  783);  conductor  below  embolus  (in 
middle  of  palpus  in  mesal  view)  with  sin- 
gle thorn  (Fig.  782);  Mexico,  West  Indies 
to  southeastern  Brazil,  Map  13 horrida 

-  Base  of  paracymbium  with  a  keel  at  right 

angles  to  cymbium  axis;  paracymbium 
hook-shaped  (Fig.  773);  conductor  below 
embolus  with  a  parallel,  sclerotized  piece 
above   thorn   (Fig.    772);   eastern   North 

America  south  to  Costa  Rica,  Map  13  

gracilis 

Micrathena  striata  F.  P.-Cambridge 
Figures  741-745;  Map  13 

Micrathena  striata  F.  P.-Cambridge,  1904:  530,  pi. 
50,  fig.  6,  9.  Female  syntype  from  Chichochoc  [? 
locality  not  found],  Guatemala  (BMNH),  exam- 
ined. Roewer,  1942:  964.  Bonnet,  1957:  2879. 
Chickering,  1961:  460,  figs.  185-188,  2. 

Note.  Chickering  designated  a  lecto- 
type;  this  was  not  seen.  There  are  also  three 
female  specimens  in  the  British  Museum 
without  locality  labels. 

Description.  Female  syntype.  Cara- 
pace, legs  orange-brown.  Sternum  black- 
ish brown.  Dorsum  of  abdomen  with  yel- 
lowish white  pigment;  spines  orange; 
venter  black.  Carapace  with  a  circular 
median  thoracic  depression;  rim  indistinct 
in  dorsal  view.  Abdomen  with  two  pairs 
of  large  dorsal  spines,  posterolaterals  larg- 
est, and  one  pair  of  small  posterior  spines 
(Figs.  741,  742).  Total  length,  6.6  mm. 
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Carapace,  2.4  mm  long,   1.9  mm  wide,  long,  1.9  mm  wide.  First  femur,  2.5  mm; 

First  femur,  2.4  mm;  patella  and  tibia,  2.4  patella  and  tibia,  2.4  mm;  metatarsus,  1.7 

mm;  metatarsus,  1.6  mm;  tarsus,  0.8  mm.  mm;  tarsus,  0.7  mm.  Second  patella  and 

Second  patella  and  tibia,  2.2  mm;  third,  tibia,  2.2  mm;  third,  1.4  mm.  Fourth  fe- 

1.4  mm.  Fourth  femur,  2.7  mm;  patella  mur,  3.0  mm;  patella  and  tibia,  2.3  mm; 

and  tibia,  2.3  mm;  metatarsus,  1.7  mm;  metatarsus,  1.8  mm;  tarsus,  0.7  mm. 

tarsus,  0.7  mm.  Diagnosis.  This  species  differs  from  M. 

Variation.  Females  vary  in  total  length  striata  by  its  slender,  biforked  abdomen, 

from  6.6  to  9.2  mm.  Posterodorsal  spines  and  by  having  dimples  on  the  carapace 

face  laterally  on  the  syntype  from  Chicho-  (Figs.  246,  247). 

choc  (Fig.  742).  Natural  History.  One  collection  comes 

Diagnosis.   Micrathena   striata   differs  from  a  cloud  forest, 

from  M.  spinulata  by  having  the  first  two  Distribution.  Chiapas,  Mexico  (Map  13). 

pairs  of  spines  much  larger  than  the  third  Paratypes.  MEXICO:  Est.  Chiapas.  53 

(Figs.  741,  742);  it  differs  from  M.  mar-  km  NE  of  Las  Margeritas,  2,000  m,  11 

gerita  by  lacking  dimples  on  the  carapace  Oct.  1962,  39,  22  Oct.  1962,  9  (A.  Gardner, 

and  by  its  shorter,  more  compact  abdo-  JAB);  21  km  W  Rizo  de  Oro,  Oaxaca  bor- 

men  (Figs.  741,  742).  der,  1,615  m,  6  Sept.  1972,  29  (C.  Mulh- 

Natural  History.  A  specimen  was  col-  nex,  K.  Lucas,  CAS);  Lago  Tziscao,  Mon- 

lected  in  cloud  forest  in  Chiapas.  tebello,  17-18  Aug.  1973,  9  (P.  Brignoli, 

Distribution.  Southern  Mexico,  Guate-  PMB). 
mala  (Map  13). 

Records.  MEXICO:  Est.  Chiapas.  21  km  Micrathena  spinulata  F.  P.-Cambridge 

W  of  Rizo  de  Oro,  Oaxaca  border,  1,615  Figures  751-755;  Map  13 
m,  6  Sept.  1972,  9  (C.  Mullinex,  K.  Lucas, 

CAS);    Finca    Patichuiz,    53    km    NE    Las  Micrathena  spinulata  F,  P.-Cambridge,  1904:  530, 

Margeritas,  2,000  m,  22  Oct.  1962,  9  (A.  f}:  ^^'  ^S'  ^V^JTo/I-?'''''  "^'"'7''"  ^^"^  ^"'''■^f 

„       ?                    ,  [Guerrero,  17  38:  9  15  J,  one  syntype  trom  Omil- 

Gardner,  JAB).  t^^ng  [Guerrero,  WSW  of  Chilpancingo,  2,400  m 

el],   Mexico  (BMNH),   examined.    Roewer,    1942: 
964.  Bonnet,  1957:  2879.  Chickering,   1961:  459, 

Micrathena  margerita  new  species  ^gs.  I8i-i84, 2. 

Figures  746-750;  Map  13  Description.  Carapace,  legs  orange- 

Holotype.  Female  from  Finca  Patichuiz,  33  mi.  [53  brown.  Sternum  black.  Dorsum  of  abdo- 

km]  NE  of  Las  Margeritas,  6,000  ft.  [2,000  m],  men  white,  posteriorly  black.  Sides,  venter 

Chiapas,  Mexico,  11  Oct.  1962  (A.  Gardner,  MCZ).  black  with  three  indistinct  pairs  of  light 

^^Vlocaht^  "^""'^ '' ^  "°"" '"  ^^^°'"'°"  ^^*''' ^^'^  patches  on  venter.  Carapace  with  three 

pairs  of  dimples  and  distinct  median  tho- 

Description.   Carapace   orange,   dusky  racic  depression;  rim  indistinct.  Abdomen 

black  in  thoracic  region.  Sternum  black,  longer  than  wide,  with  three  pairs  of  tiny 

Coxae  orange.  Legs  dusky  orange,  first  two  spines,  two  pairs  of  which  face  posterior 

femora  darkest.  Dorsum  of  abdomen  with  (Figs.  751,  752).  Total  length,  6.3  mm. 

white  patches  on  black;  sides  dark;  venter  Carapace,   1.9  mm  long,   1.6  mm   wide, 

black  with  three  pairs  of  indistinct  light  First  femur,  1.9  mm;  patella  and  tibia,  1.8 

patches.    Carapace   with    three    pairs   of  mm;  metatarsus,  1.2  mm;  tarsus,  0.6  mm. 

dimples  and  distinct  thoracic  depression;  Second  patella  and  tibia,  1.7  mm;  third, 

thorax  high.  Eyes  subequal  in  size.  Ab-  1.0  mm.  Fourth  femur,  2.3  mm;  patella 

domen  longer  than  wide,  branched  be-  and  tibia,  1.7  mm;  metatarsus,  1.3  mm; 

hind,  with  a  pair  of  spines  one  third  from  tarsus,  0.5  mm. 

anterior  and  one  pair  below  branches.  To-  Variation.  Females  vary  in  total  length 

tal   length,  8.0  mm.   Carapace,  2.6  mm  from  5.4  to  6.3  mm.  Some  specimens  have 
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Figures  751-755.     Micrathena  spinulata  F.  P. -Cambridge,  female.  751.  Lateral.  752.  Dorsal.  753.  Epigynum,  ventral.  754. 
Epigynum,  posterior.  755.  Epigynum,  lateral. 

Figures  756-760.     Micrathena  glyptogonoidesn.  sp.,  female.  756.  Lateral.  757.  Dorsal.  758.  Epigynum,  ventral.  759.  Epigynum, 
posterior.  760.  Epigynum,  lateral. 

Figures  761-769.     Micrathena  forcipata  (Thorell).  761-766.  Female.  761.  Lateral.  762,  763.  Dorsal.  764.  Epigynum,  ventral. 
765.  Epigynum,  posterior.  786.  Epigynum,  lateral.  767-769.  Male.  767.  Dorsal.  768.  Left  palpus,  mesal.  769.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  751,  752,  756,  757,  761-763,  767,  1.0  mm. 
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paired  black  patches  on  the  dorsum.  The 
illustrations  were  made  from  the  Amula 
syntype. 

Diagnosis.  Micrathena  spinulata  dif- 
fers from  M.  striata  and  M.  margerita  by 
having  all  six  spines  the  same  size  (Figs. 
751,  752). 

Distribution.  South-central  Mexico 
(Map  13). 

Records.  MEXICO:  Est.  Veracruz,  pass 
above  Orizaba,  1,900  m,  29  June  1944,  2 
(L.  1.  Davies,  AMNH).  Morelos.  Tepoz- 
tlan,  1,600  m,  2  Aug.  1942,  39  (C.  Bolivar, 
M.  Santullano,  AMNH).  Guerrero.  18  km 
W  of  Chilpancingo,  30  July  1956,  9  (W. 
Gertsch,  V.  Roth,  AMNH). 

Micrathena  glyptogonoides  new  species 
Figures  756-760;  Map  13 

Holotype.  Female  from  Neca.xa,  Pueblo,  Mexico,  23 
September  1972  (collector  unknown,  AMNH).  The 
specific  name  was  a  manuscript  name  applied  by 
A.  F.  Archer  to  this  species. 

Description.  Female.  Carapace,  chelic- 
erae,  sternum,  coxae  and  trochanters  or- 
ange. Legs  black.  Dorsum  of  abdomen 
with  paired  and  median  white  patches; 
sides  and  venter  black  without  marks. 
Carapace  high,  median  thoracic  depres- 
sion indistinct,  no  rim.  Eyes  subequal  in 
size.  Abdomen  subspherical  with  two  pairs 
of  dorsal  humps,  each  tipped  by  a  tuber- 
cle (Figs.  756,  757).  Total  length,  6.7  mm. 
Carapace,  2.4  mm  long,  2.2  mm  wide. 
First  femur,  1.9  mm;  patella  and  tibia,  2.0 
mm;  metatarsus,  1.2  mm;  tarsus,  0.7  mm. 
Second  patella  and  tibia,  1.9  mm;  third, 
1.2  mm.  Fourth  femur,  2.2  mm;  patella 
and  tibia,  1.9  mm;  metatarsus,  1.4  mm; 
tarsus,  0.7  mm. 

Variation.  Paratypes  have  the  sides  and 
dorsum  of  abdomen  light. 

Diagnosis.  This  species  differs  from 
others  of  the  gracilis  group  by  the  sub- 
spherical  abdomen  having  only  four 
humps  (Figs.  756,  757).  All  other  species 
have  six  or  more  spines  or  humps. 

Paratypes.  MEXICO:  Est.  Chihuahua. 
La  Polvosa,  1,950  m,  108°39'W,  28°9'N,  16 
Aug.  1958,  39  (L.  R.  Commisoris,  AMNH). 


Micrathena  forcipata  (Thorell) 
Figures  761-769;  Map  13 

Acrosoma  forcipatum  Thorell,   1859:   300.   Female 

type  from  Cuba,  lost. 
Acrosoma  flavomaculatum  Keyserling,  1864:  77,  pi. 

2,  fig.  10,  9.  Female  holotype  from  Haiti  (BMNH), 
examined.  Keyserling,  1892,  4:  24,  pi.  1,  fig.  21,  2. 

Micrathena  cylindracea  Franganillo,  1930:  76;  1936: 

96.  Juvenile  (?)  from  Sierra  Maestra,  Cuba,  lost. 

First  synonymized  by  Bryant. 
Micrathena  forcipata: — Bryant,  1940:  372,  figs.  149, 

151  (not  figs.   141,   146,  male).   Chickering  1964: 

257,  figs.  11-15,  2  (not  male). 
Micrathena  bryantae  Chickering,  1964:  254,  figs.  1- 

3,  <5.  Male  holotvpe  from  Los  Llanos  [Frov.  Guan- 
tanamo],  Cuba,  1,000-2,000  ft.  [300-600  m]  (MCZ), 
examined.  NEW  SYNONYMY. 

Synonymy.  Chickering's  M.  bryantae  is 
the  male  of  this  species. 

Description.  Female.  Carapace,  ster- 
num, legs  brown.  Dorsum  of  abdomen 
white  with  brown  to  black  patches;  spines 
orange;  venter  black  with  paired  white 
spots.  Carapace  with  thoracic  depression, 
one  pair  of  dimples;  thorax  high  with  nar- 
row rim.  Abdomen  with  two  pairs  of  dor- 
sal spines  and  one  small  pair  posteriorly, 
sometimes  with  small  anterior  spines  over- 
hanging carapace  (Figs.  761-763).  Total 
length,  8.5  mm.  Carapace,  3.1  mm  long, 
2.6  mm  wide.  First  femur,  2.8  mm;  pa- 
tella and  tibia,  2.8  mm;  metatarsus,  2.0 
mm;  tarsus,  0.7  mm.  Second  patella  and 
tibia,  2.6  mm;  third,  1.5  mm.  Fourth  fe- 
mur, 3.9  mm;  patella  and  tibia,  3.0  mm; 
metatarsus,  2.4  mm;  tarsus,  0.9  mm. 

Male.  Carapace  rich  dark  brown,  ster- 
num blackish  brown.  Legs  light  brown. 
Dorsum  of  abdomen  with  a  black  pattern 
and  white  patches;  venter  gray.  Carapace 
with  circular  thoracic  depression  and  a 
pair  of  dimples.  Sternum  slightly  rugose. 
Abdomen  rectangular,  sides  slightly  lobed 
(Fig.  767).  Total  length,  3.7  mm.  Cara- 
pace, 1.5  mm  long,  0.9  mm  wide.  First 
femur,  1.2  mm;  patella  and  tibia,  1.2  mm; 
metatarsus,  0.9  mm;  tarsus,  0.4  mm.  Sec- 
ond patella  and  tibia,  1.3  mm;  third,  0.7 
mm.  Fourth  femur,  1.6  mm;  patella  and 
tibia,  1.5  mm;  metatarsus,  0.8  mm;  tarsus, 
0.4  mm. 
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Variation.  Females  vary  in  total  length 
from  7.2  to  10.3  mm,  males  from  3.4  to 
4.5  mm.  The  females  may  have  small  an- 
terior spines,  or  these  may  be  absent.  Large 
posterodorsal  spines  are  of  variable  length, 
sometimes  much  longer  than  the  body,  and 
often  swollen  at  their  tip  (Figs.  762,  763). 

Note.  Males  and  females  have  been  col- 
lected together. 

Diagnosis.  This  species  has  genitalia 
similar  to  M.  gracilis  and  M.  horrida.  Fe- 
males differ  by  having  the  large  postero- 
lateral spines  soft  with  tiny  platelets,  ru- 
gose in  appearance  (Figs.  762,  763).  The 
male  differs  by  the  shape  of  the  abdomen 
(Fig.  767),  by  the  mitten-shaped  para- 
cymbium  (Fig.  769)  and  by  the  shape  of 
the  conductor  (Fig.  768). 

Distribution.  Yucatan,  Cuba  and  His- 
paniola  (Map  13). 

Records.  MEXICO:  Est.  Yucatan.  Cos- 
comatepec  [?],  25  Aug.  1963,  9  (D.  L.,  H. 
E.  Frizzell,  EPC).  CUBA:  Prov.  Santiago 
de  Cuba.  Cuchillo  de  Guajimero,  600  m, 
22  July  1936,  2  (P.  J.  Darlington,  MCZ); 
Sierra  Maestra,  15-20  May  1948,  2  (G. 
Acuna,  MCZ);  coast  below  Pico  de  Tur- 
quino,  1936,  2  (P.  J.  Darlington,  MCZ). 
Guantdnamo.  Los  Llamos,  300-600  m, 
16-20  July  1936,  32  (P.  J.  Darlington, 
MCZ);  mts.  north  of  Imias,  25-28  July 
1936,  22  (P.  J.  Darlington,  MCZ).  Habana. 
Havana,  9  (Baker,  MCZ).  Ciego  de  Avila. 
Cayo  La  Salina,  2  (MCZ).  Cienfuegos.  So- 
ledad  (sev.  coll.,  MCZ,  CASH).  Pinar  del 
Rio.  Galalon,  juv.  (P.  Berm,  MCZ);  Sierra 
del  Rosario,  Inst.  Botany,  2  (R.  Levins, 
MCZ);  Cuajani,  13  Jan.  1974,  22  (G.  Ala- 
yon,  CASH).  Isla  de  Pinos.  1918,  22  (T. 
Barbour,  MCZ);  Sierra  Isabelita,  La  Fe,  27 
April  1974,  2  (M.  Diaz,  CASH);  Sierra  Ca- 
ballos,  16  June  1974,  32,  3  (F.  Armas, 
CASH).  Villa  Clara.  Vega  Alta,  2  (P.  Ber- 
mudez,  AMNH).  Granma.  Uvero,  Las 
Virgenes,  Sierra  Maestra,  700  m,  25  May 
1972,  2  (G.  Alayon,  CASH).  HAITI:  3  km 
E  of  Cayes  du  Jacmel,  2  Sept.  1935,  2  (W. 
G.  Hassler,  AMNH).  Carrefour,  22  July 
1955,  9  (A.  F.  Archer,  AMNH).  DOMIN- 
ICAN REPUBLIC:  Barahona.  Mt.  Busu, 


Sierra  Martin  Garcia,  June  1983,  2  (G. 
Flores,  MCZ);  3  km  S  of  Barahona,  16  Aug. 
1935,  2  (W.  Hassler,  AMNH).  La  Altagra- 
cia.  Isla  Saona,  18  July  1974,  2  (J.  A.  Stein- 
walder,  MNSD). 

Micrathena  gracilis  (Walckenaer) 
Figures  770-773;  Map  13 

Epeira  gracilis  Walckenaer,  1805:  65.  Female  from 

Carolina,  lost. 
Acrosoma  matronale  C.  L.  Koch,  1845:  68,  fig.  887, 

9.  Female  from  Mexico  (ZMB),  examined. 
Micrathena  nigrior  Chamberlin  and  I  vie,  1936:  58, 

figs.  134,  135,  9.  Four  female  syntypes  from  Barro 

Colorado  Island,  Gatun  Lake,  Panama  (AMNH), 

examined. 
Micrathena  gracilis: — Levi,  1978:  433,  figs.  55-68, 

2,  3,  map  2. 

Synonymy.  Despite  the  large  collec- 
tions available,  no  other  specimens  of  this 
species  were  found  from  Barro  Colorado 
Island.  The  locality  of  M.  nigrior  may  be 
in  error. 

Diagnosis.  Females  differ  from  M.  hor- 
rida by  having  only  ten  spines  or  humps 
on  the  abdomen,  and  by  lacking  a  hump 
behind  the  spinnerets  (Fig.  770).  Imma- 
ture females  also  lack  this  hump,  present 
in  M.  horrida.  Males  differ  by  the  shape 
of  the  paracymbium  (Fig.  773)  and  of  the 
conductor  below  the  embolus  (Fig.  772). 
Also,  in  mesal  view  the  embolus  appears 
filamentous  (Fig.  772). 

Distribution.  Eastern  North  America 
south  to  Costa  Rica  (Levi,  1978)  (Map  13). 

Records.  MEXICO:  Est.  Tamaulipas. 
Tampico;  100  km  S  Ciudad  Victoria;  N  of 
Antiguo  Morelos;  26  km  WNW  Ocampo. 
Nuevo  Leon.  Linares;  30  km  S  of  Mon- 
terrey; San  Nicolas  de  los  Garza.  San  Luis 
Potosi.  5  km  W  El  Naranjo;  Valles.  Si- 
naloa.  Elota;  Mazatlan;  20  km  N  Elota. 
Guanajuato.  Silao.  Nayarit.  Tepic;  Com- 
postela;  Jalisco.  Jalisco.  Guadalajara;  La- 
gos de  Moreno;  S  side  Lago  Chapala;  San 
Juan  de  los  Lagos;  La  Floresta.  Veracruz. 
common.  Distrito  Federal.  Ciudad  Mex- 
ico. Michodcan.  Patzcuaro;  Uruapan. 
Puebla.  Acatlan.  Morelos.  Cuernavaca. 
Guerrero.  Teloloapan;  Taxco;  Chilpancin- 
go.  Oaxaca.  common.  Campeche.  Lerma; 
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San  Jose;  Campeche;  Chicanna  ruins,  8  km 
W  Xpujil.  Yucatan.  Chichen  Itza;  Piste;  3 
km  E  of  Chichen  Itza.  Quintana  Roo.  Es- 
merelda;  Tumba;  Kohunhch  ruins,  9  km 
S  Francisco  villa.  Chiapas,  common. 
GUATEMALA:  Dept.  El  Peten.  Tikal. 
Guatemala.  Guatemala  City.  Santa  Rosa. 
Variedades.  Chiquimula.  Chiquimula. 
BELIZE:  Belize.  HONDURAS:  Zam- 
brano.  EL  SALVADOR:  San  Salvador; 
Quezaltepeque;  La  Libertad.  NICARA- 
GUA: Masatepe.  COSTA  RICA:  Prov. 
Alajuela.  Atenas.  Guanacaste.  Canas; 
Prov.  Santa  Rosa  N.P.;  Bedero;  Playa  Her- 
mosa,  20  m;  Liberia.  San  Jose.  San  Jose; 
San  Antonio  de  Escazu,  1,350  m. 

Micrathena  horrida  (Taczanowski) 
Figures  774-783;  Map  13 

Acrosoma  horrida  Taczanowski,  1873:  281,  pi.  6,  fig. 
31,  9.  Female  holotype  from  Cayenne,  French 
Guiana  (PAN),  examined. 

Acrosoma  raceminum  Butler,  1873:  427.  Female  ho- 
lotype (in  poor  condition,  with  pinhole  in  abdo- 
men) from  Orinoco,  Venezuela  (BMNH),  exam- 
ined. NEW  SYNONYMY. 

Acrosoma  mammillata  Butler,  1873:  427.  Female 
holotype  (abdomen  only)  from  Santarem,  Brazil 
(BMNH),  examined. 

Acrosoma  longicaudum  O.  P.-Cambridge,  1890:  61, 
pi.  8,  fig.  9,  (5.  Male  holotype  from  Bugaba,  Pana- 
ma (BMNH),  lost.  Keyserling,  1892:  15,  pi.  1,  fig. 
11,  S.  F.  P.-Cambridge,  1904:  530,  pi.  50,  fig.  5,  6. 

Micrathena  horrida: — Simon,  1895:  851,  figs.  898, 
919,  2.  Petrunkevitch,  1910:  212,  pi.  21,  figs.  9-11, 
9.  Reimoser,  1917:  959.  Bonnet,  1957:  2870.  Chick- 
ering,  1961:  424,  figs.  83-88,  9,  6. 

Micrathena  simoni  Petrunkevitch,  1910:  213.  New 
name  for  Simon's  (1895)  illustration  figs.  898,  919 
of  M.  horrida. 

Micrathena  gracilis: — Franganillo,  1936:  98  (mis- 
identification) 

Micrathena  mammillata: — Bryant,  1940:  374,  figs. 
142,  147,  155,  9,  $. 


Micrathena  multituberculata  di  Caporiacco,  1947: 
25.  Female  holotype  from  British  Guyana  (MZUF), 
examined.  1948:  665,  figs.  75-78,  9.  NEW  SYN- 
ONYMY. 

Note.  The  type  of  A.  longicaudum  is 
lost,  but  a  specimen  of  O.  P.-Cambridge 
with  the  name  comes  from  Teapa,  Mexi- 
co. The  specimens  of  A.  raceminum  and 
M.  multituberculata  are  within  the  vari- 
ation and  range  of  M.  horrida. 

Description.  Female  from  Panama. 
Carapace  orange-brown,  sclerotized  areas 
darker  brown,  with  some  dark  gray  mark- 
ings above  rim  of  carapace;  rim  light. 
Sternum,  legs  orange-brown.  Abdomen 
gray  to  orange  with  some  black  marks. 
Total  length,  7.5  mm.  Carapace,  3.3  mm 
long,  2.3  mm  wide.  First  femur,  2.1  mm; 
patella  and  tibia,  2.2  mm;  metatarsus,  1.3 
mm;  tarsus,  0.7  mm.  Second  patella  and 
tibia,  1.9  mm;  third,  1.3  mm.  Fourth  fe- 
mur, 2.7  mm;  patella  and  tibia,  2.2  mm; 
metatarsus,  1.4  mm;  tarsus,  0.8  mm. 

Male  from  Panama.  Carapace  brown. 
Sternum  grayish  brown.  Legs  lighter 
brown.  Abdomen  brown  with  white 
patches  along  margin,  some  gray  and  black 
pigment  above.  Carapace  and  abdomen 
corniculate.  Thorax  with  a  distinct  depres- 
sion and  a  pair  of  dimples.  Abdomen  long, 
segmented  posteriorly  (Fig.  781).  Total 
length,  4.5  mm.  Carapace,  1.2  mm  long, 
0.7  mm  wide.  First  femur,  0.7  mm;  pa- 
tella and  tibia,  0.8  mm;  metatarsus,  0.4 
mm;  tarsus,  0.3  mm.  Second  patella  and 
tibia,  0.6  mm;  third,  0.4  mm.  Fourth  fe- 
mur, 0.9  mm;  patella  and  tibia,  0.6  mm; 
metatarsus,  0.6  mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  7.0  to  11.5  mm,  males  from  4.5  to 


Figures  770-773.  l\Aicrattiena  gracilis  (Walckenaer).  770.  Female,  lateral.  771-773.  Male.  771 .  Dorsal.  772.  Left  palpus,  mesal. 
773.  Palpus,  lateral. 

Figures  774-783.  Micrattiena  tiorrida  (Taczanowski).  774-780.  Female.  774,  775.  Lateral.  776,  777.  Dorsal.  774,  777.  (Pan- 
ama). 775,  776.  (Orinoco,  Venezuela).  778.  Epigynum,  ventral.  779.  Epigynum,  posterior.  780.  Epigynum,  lateral.  781-783. 
Male.  781.  Dorsal.  782.  Palpus,  mesal.  783.  Palpus,  lateral. 

Figures  784-791.  I^icrathena  pungens  (Walckenaer).  784-788.  Female.  784.  Lateral.  785.  Dorsal.  786.  Epigynum,  ventral. 
787.  Epigynum,  posterior.  788.  Epigynum,  lateral.  789-791.  Male.  789.  Dorsal.  790.  Palpus,  mesal.  791.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  770,  771,  774-777,  781,  784,  785,  789,  1.0  mm 
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5.0  mm.  Some  individuals  have  a  bold 
pattern  of  black  patches  on  white  on  the 
dorsum  of  the  abdomen.  The  carapace  at 
times  has  dimples.  The  abdomen  of  fe- 
males has  slender  humps  (Fig.  777),  swol- 
len humps  (Fig.  776),  or  at  times  has  a  tail 
(Fig.  775). 

Note.  There  are  numerous  collections 
of  this  common  species  having  both  male 
and  female  individuals. 

Diagnosis.  This  species  can  be  confused 
with  M.  gracilis.  M.  horrida  has  twelve  or 
more  humps  on  the  abdomen,  often  many 
more  (Figs.  774-777),  whereas  M.  gracilis 
has  only  ten.  Also,  horrida  females  always 
have  a  hump  behind  the  spinnerets  (Figs. 
774,  775),  while  gracilis  does  not.  The 
hump  is  present  in  immatures. 

The  male  can  be  separated  by  the  para- 
cymbium  having  a  keel  almost  parallel  to 
the  axis  of  the  cymbium,  and  a  flat  lobe 
next  to  it  (Fig.  783);  M.  gracilis  has  a  hook- 
shaped  paracymbium  with  a  keel  almost 
at  right  angles  to  the  axis  of  the  cymbium. 
The  embolus  of  M.  horrida  is  a  wide  and 
semi-transparent  structure  (Fig.  782);  the 
conductor  behind  and  below  the  embolus 
has  a  sclerotized  tooth  of  variable  shape 
(in  the  middle  of  the  palpus  in  Fig.  782). 
The  embolus  of  M.  gracilis,  on  the  other 
hand,  is  a  black  filament,  the  conductor 
having  a  double  lobed,  sclerotized  struc- 
ture. 

Natural  History.  Micrathena  horrida  is 
found  in  forests. 

Distribution.  Cuba,  Jamaica,  Chiapas, 
Mexico  to  Paraguay  (Map  13). 

Records.  MEXICO:  Chiapas.  Palenque 
ruins.  May  1980,  imm.  (J.  Coddington, 
MCZ);  Pichucalco,  17  July  1947,  2  (C.  M. 
Goodnight,  AMNH);  32  km  NW  Ocozo- 
coautla,  27  Aug.  1972,  9  (CAS).  GUATE- 
MALA: Dept.  El  Peten.  Uaxactiin  (MCZ). 
HONDURAS:  Lacetilla  (MCZ).  NICA- 
RAGUA: Musawas,  Waspuc  River 
(AMNH).  COSTA  RICA:  Prov.  Heredia. 
Puerto  Viejo,  La  Selva  (MZCR).  Limon. 
20  km  N  Siquirres,  100  m,  July  1980 
(MCZ);  Hamburg  F^arm  (NMW).  Carta- 
go.  Turrialba.   San  Jose.   San   Isidro  del 


General  (MCZ).  Puntarenas.  Esparta 
(MCZ).  PANAMA:  Code  Prov.  El  Valle, 
9  (AMNH).  Panama,  many  collections. 
CUBA:  Prov.  Santiago  de  Cuba.  Pico 
Turquino  (MCZ);  Gran  Piedra,  1,200  m 
(MCZ,  CASH);  Cuchillo  de  Guajimero,  600 
m  (MCZ);  Puerto  Boniato  (MCZ).  Ha- 
bana.  Tapaste  (CUC).  Guantdnamo.  Los 
Llanos  (MCZ).  JAMAICA:  St.  Ann  Parish. 
Diablo  Forest  Reserve  (AMNH).  St.  Cath- 
erine. Rio  Cobre  Gorge  nr.  Spanish  Town 
(IJK).  LESSER  ANTILLES:  Trinidad. 
Simla  (AMNH);  Arima  Valley  (AMNH). 
VENEZUELA:  Maracay  (MCZ);  Caracas 
(NMW).  SURINAME:  Saramacca  Prov. 
Voltzberg-Raleighvallen  Res.  (MCZ).  CO- 
LOMBIA: Bugabita  1?]  (NMW).  ECUA- 
DOR: Est.  Los  Rios.  Juan  Montalvo 
(AMNH).  Napo.  Tarapuy  (MECN). 
Guayas.  Milagro  (EPC).  Puna  Island. 
(EPC).  Bolivar.  Balzapamba,  700-800  m 
(AMNH).  PERU:  Dept.  Loreto.  Pastaza 
(MCZ).  Junin.  29  km  NE  La  Merced 
(CAS).  Hudnuco.  Monson  Valley,  Tingo 
Maria  (CAS).  BRAZIL:  Est.  Pard.  12  km 
W  of  Caninde  (AMNH);  Belem  (MEG, 
AMNH);  Santarem  (BMNH);  Rio  Gurupi 
(MZSP).  Amazonas.  Manaus  (NRS).  Ba- 
hia.  Urolinea  Salvador  (MACN).  Mato 
Grosso.  Chavantina  (MZSP).  Rio  de  Ja- 
neiro. Barra  da  Tijuca  (MCZ);  Rio  de  Ja- 
neiro (MNRJ);  Pinheiro  (MNRJ);  Niteroi 
(MNRJ);  Petropolis  (MNRJ);  Angra  dos 
Reis  (Praia  do  Leste)  (MZSP).  Sao  Paulo. 
Ilha  Sao  Sebastiao  (MZSP).  Rio  Grande  do 
Sul.  Rambo  (MNRJ).  PARAGUAY: 
(BMNH)  Dept.  Concepcion.  Territ.  Fon- 
ciere  (NMW,  MCZ).  ARGENTINA:  Prov. 
Misiones.  Rio  Iguazu,  60  km  from  Pto. 
Iguazu,  5  March  1957  (E.  W.  Partridge, 
MACN). 

Micrathena  pungens  (Walckenaer) 
Figures  784-791;  Map  14 

Plectana  pungens  Walckenaer,  1841:  173.  Female 
specimen  from  Cayenne,  French  Guyana,  lost. 

Acrosoma  pungens: — Keyserling,  1863:  72,  pi.  2,  fig. 
5,  2;  1892:  29,  pi.  1,  fig.  26,  9. 

Acrosoma  luctuosa  Taczanowski,  1873:  267,  pi.  5, 
fig.  21,  2.  Eleven  female  syntypes  from  Cayenne 
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and  St.  Laurent  de  Maroni,  French  Guiana  (PAN), 
examined.  First  synonymized  by  Chickering,  1960c. 

Micrathena  luctuosa: — Reimoser,  1917:  134.  Roew- 
er,  1942:  960.  Bonnet,  1957:  2871. 

Micrathena  pungens: — Reimoser,  1917:  134.  Roew- 
er,  1942:  962.  Bonnet,  1957:  2874.  Chickering, 
1960c:  85,  figs.  76-79,  2. 

?  Micrathena  carvalhoi  Mello-Leitao,  1944a:  9.  Fe- 
male holotype  from  Barra  do  Tapirapes  [Est.  Mato 
Grosso],  Brazil  (MNRJ),  lost.  NEW  SYNONYMY. 

Description.  Female  syntype  of  M.  luc- 
tuosa. Carapace,  sternum,  legs  brown. 
Dorsum  of  abdomen  brownish  black  with 
a  white  band  along  lateral  margin,  includ- 
ing four  pairs  of  lateral  spines,  and  a 
transverse  white  band  on  posterior  margin 
(Fig.  785);  venter  and  sides  black;  sclero- 
tized  areas  brown.  Carapace  with  three 
pairs  of  dimples,  the  first  most  distinct,  a 
circular  thoracic  mark  and  a  light  colored 
rim.  Abdomen  with  an  anterior  pair  of 
spines  overhanging  carapace,  three  pairs 
of  spines  on  sides,  and  one  large  postero- 
lateral black  spine  whose  base  has  a  little 
hump  anteriorly  (Fig.  785).  Total  length, 
5.8  mm.  Carapace,  2.3  mm  long,  1.8  mm 
wide.  First  femur,  2.0  mm;  patella  and 
tibia,  2.3  mm;  metatarsus,  1.4  mm;  tarsus, 
0.6  mm.  Second  patella  and  tibia,  1.9  mm; 
third,  1.2  mm.  Fourth  femur,  2.5  mm;  pa- 
tella and  tibia,  2.1  mm;  metatarsus,  1.4 
mm;  tarsus,  0.6  mm. 

Male  from  Suriname.  Carapace  yellow- 
ish. Sternum  white,  dusky  all  around.  Legs 
yellowish,  femora  dusky.  Dorsum  of  ab- 
domen with  some  white  pigment  spots  an- 
terolaterally;  dusky  anterior  and  posterior 
(Fig.  789);  venter  black  except  square  or- 
ange area  between  epigastric  groove  and 
spinnerets.  Carapace  with  three  pairs  of 
dimples  and  circular  thoracic  depression. 
Without  coxal  hook.  Abdomen  longer  than 
wide,  widest  behind,  and  smooth,  without 
spines  (Fig.  789).  Total  length,  3.4  mm. 
Carapace,  1.6  mm  long,  1.0  mm  wide. 
First  femur,  1.4  mm;  patella  and  tibia,  1.5 
mm;  metatarsus,  0.9  mm;  tarsus,  0.4  mm. 
Second  patella  and  tibia,  1.2  mm;  third, 
0.7  mm.  Fourth  femur,  1.3  mm;  patella 
and  tibia,  1.1  mm;  metatarsus,  0.7  mm; 
tarsus,  0.4  mm. 


Variation.  Females  vary  in  total  length 
from  5.5  to  7.0  mm,  males  3.4  to  3.5  mm. 
Some  older  adult  females  have  two  large 
transverse  dorsal  sclerites  anteriorly  on  the 
abdomen.  Immature  specimens  have  the 
large  posterolateral  spine  much  shorter, 
and  have  two  pairs  of  spines  on  the  pos- 
terior slope  of  the  abdomen.  These  at  times 
remain  as  small  teeth  or  sclerotized  humps 
in  the  adult.  In  many  specimens,  espe- 
cially those  from  the  Para  state,  Brazil,  the 
tip  of  the  large  spine  is  offset  anteriorly. 

Note.  According  to  a  note  in  a  vial, 
Harriet  Exline  found  a  palp  in  the  epig- 
ynum  in  a  female  from  Divisoria,  Huan- 
uco,  Peru.  A  male  was  collected  with  fe- 
males in  Suriname,  another  in  Mato 
Grosso.  The  males  were  first  thought  to  be 
those  of  Chaetacis  abrahami;  its  associa- 
tion with  M.  pungens  is  uncertain. 

Diagnosis.  The  female  is  readily  sepa- 
rated from  other  species  by  having  four 
pairs  of  light  colored  spines  and  a  light 
colored  hump  on  the  sides  of  otherwise 
dark  abdomen  (Fig.  785),  and  by  the 
epigynum  whose  tip  is  drawn  out  poste- 
riorly, overhanging  the  openings  on  the 
posterior  face  (Figs.  786-788).  The  male 
has  a  palp  like  that  of  Chaetacis  species, 
with  a  drawn  out  tegulum  (Figs.  790,  791). 
It  differs  from  males  in  Chaetacis  by  lack- 
ing spines  or  humps  on  the  carapace. 

Natural  History.  Specimens  have  been 
collected  in  forest  savanna  in  Guyana  and 
forest  in  Mato  Grosso.  One  female  was  ac- 
companied in  the  vial  by  a  wrapped  ant 
almost  twice  the  length  of  the  spider. 

Distribution.  From  eastern  Colombia, 
Venezuela,  northeastern  Brazil  to  Bolivia 
(Map  14). 

Records.  VENEZUELA:  Est.  Aragua. 
Rancho  Grande,  9,  6  (MACN).  GUYANA: 
Kuruabaru  Riv.,  2  (BMNH);  Kartabo 
(CUC);  Rockstone  (AMNH);  Minnehaha 
Creek  (AMNH);  Kaietur  (AMNH);  Iku- 
ruwa  River  (AMNH);  Essequibo  Riv. 
(AMNH).  SURINAME:  Saramacca. 
Voltzberg-Raleighvallen  Reserve,  9,  Feb. 
1982,  9,  $  (D.  Smith,  MCZ).  COLOMBIA: 
Dept.  Meta.  Carimagua,  9  (MCZ);  Villa- 
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Map  14.    Distribution  of  Micrathena  pungens. 

vicencio,  2  (AMNH);  45  km  W  of  Villavi- 
cencio  (AMNH).  Boyacd-Santander.  Rio 
Suarez,  800-1,000  m  (AMNH).  Cundi- 
namarca.  Bogota,  9  (NMW).  Caquetd.  Rio 
Orteguaza,  200  m  (AMNH).  ECUADOR: 
Prov.  Napo.  Tarapuy,  9  (MECN);  Napo 
headwaters,  Rio  Arajuno,  1,000  m 
(AMNH).  Morona-Santiago.  Wakani, 
Chiguaza,  9  (MCZ).  PERU:  Dept.  Loreto. 
Iquitos  (MCZ);  Rio  Bombo,  Alto  Tapiche 
(AMNH).  Amazonas.  Montenegro,  Bagua 
(AMNH).  San  Martin.  30  km  SE  of  Mo- 
yobamba,  20  km  NE  of  Moyobamba 
(AMNH);  Rio  Alto  Marafion,  Rio  Campo 
Nueva  (AMNH).  Hudnuco.  Divisoria  (?) 
(AMNH).  Pasco.  Puerto  Bermudez,  Rio 
Pichis  (CUC).  BRAZIL:  Est.  Pard.  Belem 
(MCZ);  50  km  E  of  Caninde,  9  (AMNH); 
Cachoeira,  59  (IBSP);  Rio  Gurupi,  29 
(MZSP).  Amazonas.  Taracua,  9  (NRS);  Rio 
Negro,  Sao  Gabriel,  29  (NRS);  Manaus,  9, 
$  (MEG);  Reserve  Ducke,  NNE  of  Ma- 
naus, 6  (AMNH).  Rondonia.  Porto  Velho, 
9  (MCZ);  Abuna,  9  (MCZ);  Vila  Murtinho, 
9  (MCZ).  Maranhdo.  Chapade  dos  Gui- 
maraes,  9  (AMNH).  Mato  Grosso.  Ari- 
puana,  9  (MCZ);  260  km  N  of  Xavantina, 
Feb.-April  1969,  juv.  9,  S  (Xavantino- 
Cachimbo  Exped.,  MCZ).  BOLIVIA: 
Dept.  Beni.  Vasa  Diez,  Cachuela  Espe- 
ranza.   April   1922,  9  (J.   H.   Williamson, 


MCZ).  La  Paz.  Coroico,  9  (E.  Reimoser, 
MCZ). 

Chaetacis  Simon 

Chaetacis  Simon,  1895:  863.  Type  species  Acrosoma 
affinis  C.  L.  Koch  (=C.  aureola)  by  original  des- 
ignation. 

Diagnosis.  Chaetacis  species  differ  from 
other  American  Araneidae  except  Mi- 
crathena and  Gasteracantha  by  having  a 
sclerotized  ring  around  the  spinnerets.  It 
differs  from  Micrathena  and  Gasteracan- 
tha by  having  swellings  with  tubercles  or 
a  prominent  spine  on  each  side  of  the 
head,  behind  the  eyes  (Figs.  792,  793,  803, 
804,  Table  3). 

Description.  Females  of  all  species  are 
4.0  to  6.0  mm  in  total  length,  males  be- 
tween 2.5  and  4.0  mm. 

All  species  have  the  carapace  orange  to 
orange-brown,  the  posterior  of  the  thorax 
darker,  and  the  rim  and  head  swellings  or 
spines  lighter.  The  sternum  in  all  species 
(except  C.  woytkowskii)  is  darker  than  the 
coxae,  brown  to  black;  the  proximal  arti- 
cles of  the  legs  are  orange,  distally  darker 
brown  to  black.  Appendages  are  never 
banded  or  striped.  The  abdomen  is  dor- 
sally  white  with  paired  black  patches,  and 
the  largest  spines  black.  The  sides  and 
venter  are  dark  with  paired  white  patches. 
Sclerotized  spots  and  disks  are  orange,  the 
book-lung  covers  and  ring  around  spin- 
nerets often  black. 

In  all  females  the  carapace  is  longer  than 
wide,  with  a  prominent  rim  and  a  distinct 
round  thoracic  mark;  the  three  pairs  of 
dimples  form  grooves  separated  from  each 
other  by  swellings.  The  head  portion  is 
smooth  except  for  the  pair  of  tubercular 
swellings  or  spines.  The  thorax  may  have 
additional  indistinct  tubercular  swellings 
(C.  aureola)  or  may  be  covered  by  small 
spines  (Figs.  792,  793,  827,  828).  The  pos- 
terior median  eyes  are  sometimes  slightly 
larger  than  the  anterior  medians,  both  lat- 
erals or  the  posterior  laterals  only  slightly 
smaller.  The  median  eyes  are  their  di- 
ameter of  each  pair  apart.  The  fourth  fe- 
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mur  is  slightly  longer  than  the  first.  The 
proximal  articles,  including  the  coxae,  are 
tuberculate,  the  fourth  coxa  and  fourth  fe- 
mur most  tuberculate  or  may  have  den- 
ticles. 

The  abdomen  is  covered  by  sclerotized 
disks  characteristic  also  for  Micrathena,  as 
well  as  by  rows  of  small  disks  on  the  sides, 
and  tiny  sclerotized  spots  in  the  dark  col- 
ored areas  of  the  dorsum,  sides  and  ven- 
ter. Unlike  other  Araneidae  except  Mi- 
crathena, the  book-lung  covers  appear 
smooth  and  are  covered  by  stridulating 
ridges  only  visible  with  a  compound  mi- 
croscope (Plate  3).  Tubercles  on  the  fourth 
coxa  or  occasionally  on  the  femur  are  pre- 
sumably the  pegs. 

Males  may  have  the  carapace  like  that 
of  the  female,  the  swellings  and  tubercles 
less  pronounced.  There  are  distinct  widely 
spaced  teeth  around  the  rim  of  most 
species  (Figs.  818,  833).  The  legs  are  like 
those  of  the  females  but  longer.  The  first 
coxa  has  no  hook,  the  second  femur  no 
groove.  Both  endite  and  palpal  femur  lack 
the  matching  teeth.  The  first  tibia  is 
slightly  sinuous  in  some  males,  strongly 
curved  in  C.  aureola  and  C.  picta  (Figs. 
833,  850).  The  abdomen  of  some  species 
is  smooth  (Figs.  833,  850);  others  have  pairs 
of  spines  like  females  (Figs.  809,  818). 

Genitalia.  The  epigynum  has  a  cone- 
shaped  median  bulge;  on  the  posterior 
slope  is  a  characteristic  median  plate.  The 
bulge  is  truncate  posteriorly  (Figs.  806, 
808)  or  pointed  (Figs.  830,  832,  847-849). 
In  the  lateral  borders  of  the  posterior  plate 
are  the  entrances  to  the  short  connecting 
canals.  The  seminal  receptacles  have  dis- 
tinctive shape  and  may  be  of  diagnostic 
value  (Figs.  794,  814).  The  profile  of  the 
epigynum  is  diagnostic  (Figs.  797,  808, 
817,  843). 

The  male  palpus  has  a  sclerotized  em- 
bolus (Figs.  810,  819,  834)  whose  tip  is 
held  by  a  conductor.  The  tegulum  has  a 
tubular  curved  projection  ventrally.  There 
is  an  indistinct  median  apophysis  having 
only  a  small  sclerotized  area.  The  para- 
cymbium  (Figs.  811,  820,  835,  836,  852, 


861)  is  of  distinctive  shape  in  different 
species. 

Species  Differences.  Species  differ  by 
the  number  of  abdominal  spines  (Figs.  838, 
845),  and  whether  they  have  tubercles  be- 
hind the  eyes  (Fig.  812)  or  a  spine  (Fig. 
821).  One  female  from  "La  Moka"  [Ca- 
racas, Venezuela]  (ZMK)  had  13  spines  on 
the  abdomen:  six  left  and  seven  right.  The 
epigynum  identified  it  as  belonging  to  the 
12-spined  C.  carimagua;  some  C.  aureola 
also  have  13  spines.  Also,  the  tubercles  and 
shape  of  the  head  spines  are  variable.  Be- 
cause the  shape  of  the  epigynum  is  also 
quite  variable,  the  internal  genitalia  were 
illustrated;  I  am  not  certain  if  this  is  of 
value.  Generally,  specimens  from  one  lo- 
cality differ  little  from  each  other. 

The  males  appear  more  distinct.  Two 
species  (picta  and  aureola)  lack  spines  on 
the  abdomen  (Figs.  833,  850);  Chaetacis 
cucharas,  C.  cornuta  and  C.  necopinata 
have  spines  (Figs.  809,  818,  859).  The 
paracymbium  of  palpi  is  also  distinctively 
shaped  (Figs.  811,  820,  835,  836,  852).  Two 
species  have  the  first  tibia  curved  (picta 
and  aureola).  It  may  be  that  if  more  males 
were  available,  their  placement  would 
prove  to  be  as  uncertain  as  that  of  females. 

Natural  History.  The  long  fourth  fem- 
ora suggest  that  Chaetacis  hang  in  the  web 
upside  down  with  the  abdomen  held  hor- 
izontal, as  do  Micrathena.  However,  little 
is  known  of  the  habits  of  the  species. 

Distribution.  The  genus  is  only  known 
from  the  neotropics. 

Misplaced.  Chaetacis  rouxi  Mello-Lei- 
tao,  1939  is  Micrathena  quadriserrata  F. 
P. -Cambridge.  Plectana  incisa  Walcken- 
aer,  1841  is  not  recognizable  except  that 
it  is  not  a  Chaetacis. 


Key  to  Chaetacis 
Females 

1.       Abdomen  with  12  spines  (Figs.  792,  798, 

804,  812,  837)  4 

Abdomen  with  (13  or)  14  spines  (Figs.  827, 
828,  844,  845,  853,  854)  2 

2(1)  Carapace  with  pair  of  spines  on  head  (Fig. 
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Map  15.     Distribution  of  Chaetacis  species. 


853);  abdomen  longer  than  wide  (Fig. 
854),  with  14  spines  and  a  tubercle  on 
each  side  between  anterior  two  pairs  of 

spines  (Fig.  854)  necopinata 

Carapace  with  pair  of  swellings  on  head 
(Figs.  827,  844);  abdomen  about  as  long 
as  wide,  without  anterior  lateral  tuber- 
cles (Figs.  828,  845);  Guyana  to  Brazil  3 

3(2)  Epigynum  in  profile  with  anterior  and  pos- 
terior slope  of  cone  forming  an  acute  an- 
gle (Fig.  849)  aureola 


Epigynum  cone  flat  in  profile  (Fig.  832) 

abrahami 

4(1)  Carapace  with  pair  of  spines  on  head  (Figs. 

803,  821 )  5 

-  Carapace  with  pair  of  swellings  on  head 
(which  may  have  more  than  one  denti- 
cle; Figs.  792,  798,  837) 6 

5(4)  Abdomen  square;  fourth  abdominal  pair  of 
spines  larger  than  second  (Figs.  803,  804); 
epigynum  truncate  in  profile  (Fig.  808); 
Guyana,  Brazil  to  Colombia cornuta 
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Abdomen  longer  than  wide;  fourth  abdom- 
inal pair  of  spines  subequal  to  second  (Fig. 
822);  epigynum  pointed  in  profile  (Fig. 

826);  Peru woytkowskii 

6(4)  Abdomen  trapezoidal,  narrower  in  front 
than  behind  (Fig.  793);  epigynum  with 
notch  in  profile  (Fig.  797);  Costa  Rica  osa 

Abdomen  with  sides  parallel  (Figs.  799,  813, 
838);    epigynum    otherwise    (Figs.    802, 

817);  South  America 7 

7(6)  Epigynum   truncate  in  profile  (Fig.   802); 

Colombia,  Venezuela  carimagua 

Epigynum  pointed  in  profile  (Figs.  817,  843) 

1 8 

8(7)  Epigynum  with  blunt  point  in  profile;  an- 
terior and  posterior  surface  meet  at  about 
45°  (Fig.  817);  Peru  cucharas 

Epigynum  with  acute  point  in  profile  (Fig. 
843);  Brazil  to  Paraguay  picta 

Males 

The  males  of  osa,  carimagua,  woytkowskii,  ahra- 
hami  are  not  known. 

1.       Abdomen  without  prominent  spines  (Figs. 

833,  850)  ....._ 2 

Abdomen  with  spines  (Figs.  809,  818,  859) 

3 

2(1)  First  tibia  with  proximal  and  distal  end  of 

equal  width  (Fig.  850);  Guyana  to  Rio  de 

Janeiro  aureola 

Proximal  end  of  first  tibia  swollen,  bearing 

spines  pointing  at  distal  end  (Fig.  833); 

Peru,  Brazil  to  Paraguay  picta 

3(1)  Abdomen   with    14   spines  and   a   pair   of 

humps  between  first  and  second  pairs  of 

spines  (Fig.  859);  Amazon  necopinata 

-  Abdomen  with  12  spines  or  less  __ 4 

4(3)  Paracymbium  with  a  hook  at  one  end  (Fig. 

811);  mesal  side  of  palpus  with  a  small 
hook  on  median  apophysis  (Fig.  810); 
Colombia,  Guyanas  to  Brazil  cornuta 

-  Paracymbium    only   slightly    curved    (Fig. 

820);  mesal  side  of  palpus  without  small 
hook  on  median  apophysis  (Fig.  819); 
Peru  _ _. cucharas 


Chaetacis  osa  new  species 
Figures  792-797;  Map  15 

Holotype.  Female  and  broken  female  paratype  from 
Rincon  de  Oro,  Puntarenas  Prov.,  Costa  Rica  (C. 
E.  Valerio,  MZCR).  The  specific  name  is  a  noun 
in  apposition  after  the  Osa  Peninsula. 

Description.  Female.  Carapace,  sternum 
dark  brown;  carapace  rim  and  anterior 
spines  white.  Legs  brown.  Dorsum  of  ab- 
domen white  with  black  patches;  large 
spines  brown;  sides  brown;  venter  brown 


with  median  and  paired  white  patches. 
Sclerotized  areas  dark  brown.  Carapace 
with  anterior  double  denticles  on  swelling, 
three  pairs  of  deep  dimples,  a  deep  tho- 
racic depression  and  small  denticles  pos- 
teriorly (Figs.  792,  793).  Abdomen  trape- 
zoidal, widest  behind,  with  small  white 
spines  on  anterior  margin  and  three  pairs 
of  large  spines  with  a  small  pair  below, 
posteriorly  (Figs.  792,  793).  A  tiny  white 
spine  on  dorsal  surface  at  base  of  postero- 
lateral spine.  Total  length,  4.2  mm.  Car- 
apace, 1.6  mm  long,  1.2  mm  wide.  First 
femur,  1.2  mm;  patella  and  tibia,  1.3  mm; 
metatarsus,  0.9  mm;  tarsus,  0.4  mm.  Sec- 
ond patella  and  tibia,  1.2  mm;  third,  0.7 
mm.  Fourth  femur,  1.5  mm;  patella  and 
tibia,  1.2  mm;  metatarsus,  0.9  mm;  tarsus, 
0.5  mm. 

Diagnosis.  Chaetacis  osa  differs  from 
others  by  its  distinctive  epigynum  (Figs. 
795,  796)  with  a  notch  in  profile  (Fig.  797) 
and  by  the  trapezoidal  abdomen,  widest 
behind  (Fig.  793). 

Chaetacis  carimagua  new  species 
Figures  798-802;  Map  15 

Holotype.  Female  from  Carimagua,  100  m  el.,  Dept. 
Meta,  Colombia,  October  1973  (W.  Eberhard, 
MCZ).  The  specific  name  is  a  noun  in  apposition 
after  the  type  locality. 

Description.  Female.  Carapace  brown, 
swellings  on  each  side  of  head  lighter,  rim 
white.  Sternum  dark  brown,  coxae  light, 
distal  articles  of  legs  brown.  Dorsum  of 
abdomen  black  and  white;  venter  blackish 
with  a  white  spot  on  each  side.  Sclerotized 
spots  brown.  Carapace  with  two  tubercu- 
lar swellings  on  head,  three  pairs  of  dim- 
ples and  distinct  thoracic  depression  and 
rim  (Figs.  798,  799).  Eyes  subequal  in  size. 
Abdomen  squarish  with  twelve  spines  (Fig. 
799).  Total  length,  4.4  mm.  Carapace,  1.7 
mm  long,  1.2  mm  wide.  First  femur,  1.4 
mm;  patella  and  tibia,  1.4  mm;  metatar- 
sus, 1.0  mm;  tarsus,  0.4  mm.  Second  pa- 
tella and  tibia,  1.2  mm;  third,  0.9  mm. 
Fourth  femur,  1.8  mm;  patella  and  tibia, 
1.4  mm;  metatarsus,  1.1  mm;  tarsus,  0.5 
mm. 
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Variation.  Females  vary  in  total  length 
from  4.2  to  4.7  mm. 

Diagnosis.  The  epigynum  of  this  species 
has  a  transverse  keel  on  the  bulge  and  a 
round  median  plate  behind  (Figs.  801, 
802),  unlike  C.  picta. 

Distribution.  Venezuela,  Colombia 
(Map  15). 

Paratypes.  COLOMBIA:  Dept.  Meta. 
Carimagua,  Oct.  1973,  2  (W.  Eberhard, 
MCZ);  20  km  N  Rio  Muco,  20  km  S  El 
Porvenir,  Finca  Chenevo,  170  m,  9  (W. 
Eberhard,  MCZ).  Magdalena.  Rio  Frio,  15 
Oct.  1927,  9  (G.  Salt,  MCZ).  VENEZUE- 
LA: Est.  Carahoho.  Maracay,  1935,  9  (P. 
C.  Vogt,  MCZ). 

Chaetacis  cornuta  (Taczanowski) 
Figures  803-811;  Map  15 

Acrosoma  cornuta  Taczanowski,  1873:  268,  pi.  5,  fig. 

22,   9.    Female   holotype   from   Cayenne,   French 

Guiana  (PAN),  examined. 
Chaetacis    cornuta: — Roewer,    1942:    952.    Bonnet, 

1956:  1031. 

Description.  Female.  Carapace  with 
large  spine  behind  eyes  (Figs.  803,  804). 
Abdomen  with  six  pairs  of  spines,  three 
pairs  dorsal,  the  second  and  fourth  large 
and  black  (Figs.  803,  804).  Total  length, 
4.0  mm.  Carapace,  1.7  mm  long,  1.3  mm 
wide.  First  femur,  1.3  mm;  patella  and 
tibia,  1.4  mm;  metatarsus,  0.9  mm;  tarsus, 
0.7  mm.  Second  patella  and  tibia,  1.2  mm; 
third,  0.8  mm.  Fourth  femur,  1.6  mm;  pa- 
tella and  tibia,  1.4  mm;  metatarsus,  1.0 
mm;  tarsus,  0.7  mm. 

Male.  Carapace  with  three  pairs  of 
dimples  and  circular  thoracic  mark;  mar- 
gin serrated.  Side  of  head  with  swelling 


(Fig.  809).  Abdomen  with  six  pairs  of 
spines  (Fig.  809).  Total  length,  2.9  mm. 
Carapace,  1.2  mm  long,  1.0  mm  wide. 
First  femur,  1.1  mm;  patella  and  tibia,  1.2 
mm;  metatarsus,  0.8  mm;  tarsus,  0.4  mm. 
Second  patella  and  tibia,  1.1  mm;  third, 
0.6  mm.  Fourth  femur,  1.2  mm;  patella 
and  tibia,  0.9  mm;  metatarsus,  0.7  mm; 
tarsus,  0.4  mm. 

Variation.  Females  vary  from  4.3  to  5.1 
mm  in  total  length,  males  from  2.9  to  3.0 
mm.  The  cone  of  the  epigynum  of  Colom- 
bian specimens  is  longer  than  that  of  spec- 
imens from  Brazil.  The  female  from  Alto 
Solimoes  had  the  abdomen  longer  than 
wide. 

Note.  Males  have  been  collected  twice 
with  females  in  Colombia.  Figures  803, 
804,  806-808  were  made  from  the  holo- 
type of  C.  cornuta. 

Diagnosis.  Females  differ  from  most 
other  species  by  having  a  spine  on  each 
side  of  the  head  and  by  having  only  twelve 
spines  on  the  abdomen  (Figs.  803,  804).  It 
differs  from  M.  woytkowskii  by  having 
the  abdomen  squarish  and  the  truncate 
eqigynum  (Figs.  804,  808).  The  paracym- 
bium  of  the  male  has  a  diagnostic  hook 
(Fig.  811). 

Distribution.  Guianas,  Amazon  area 
(Map  15). 

Records.  COLOMBIA:  Putumayo.  near 
Puerto  Asis,  49,  S  (W.  Eberhard  MCZ); 
Buena  Vista,  39,  23  (W.  Eberhard,  MCZ). 
GUYANA:  1913,  9  (Parrish,  CUC);  Ku- 
yuwini  Riv.,  Essequibo  Riv.,  22  Nov.  1937, 
Dec.  1937,  9  (W.  G.  Hassler,  AMNH). 
BRAZIL:  Est.  Para.  12  km  W  of  Canin- 
de,  Rio  Gurupi,  April  1963,  39  (B.  Malkin, 


Figures  792-797.  Chaetacis  osa  n.  sp.,  female.  792.  Lateral.  793.  Dorsal.  794-797.  Epigynum.  794.  Dorsal,  cleared.  795. 
Ventral.  796.  Posterior.  797.  Lateral. 

Figures  798-802.  Chaetacis  carimagua  n.  sp.,  female.  798.  Lateral.  799.  Dorsal.  800-802.  Epigynum.  800.  Dorsal,  cleared. 
801.  Ventral.  802.  Lateral. 

Figures  803-811.  Chaetacis  cornuta  (Taczanowski).  803-808.  Female.  803.  Lateral.  804.  Dorsal.  805-808.  Epigynum.  805. 
Dorsal,  cleared.  806.  Ventral.  807.  Posterior.  808.  Lateral.  809-811.  Male.  809.  Dorsal.  810.  Left  palpus,  mesal.  811.  Palpus, 
lateral. 

Scale  lines.  0.1  mm,  except  Figures  792,  793,  798,  799,  803,  804,  809,  1.0  mm. 
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AMNH);  Caninde,  June  1963,  9  (B.  Malk- 
in,  AMNH),  1964,  6$  (J.  Carvalho, 
AMNH);  Cachoeira,  Nov.  1952,  9  (A.  R. 
Hoge,  IBSP).  Amazonas.  Manaus,  Aug. 
1971,  9  (M.  E.  Galiano,  MEG);  Alto  Soli- 
moes,  Dec.  1979,  9  (A.  Use,  FZRS).  Acre. 
Rio  Alto  Purus,  W  of  Sena  Madureira,  8 
Nov.  1973,  9  (B.  Patterson,  MCZ). 

Chaetacis  cucharas  new  species 
Figures  812-820;  Map  15 

Holotype.  Female  with  male  paratype  from  Cucha- 
ras, Huallaga  Valley,  Dept.  Huanuco,  Peru,  April 
1954  (F.  Woytkowski)  in  the  Museum  of  Compar- 
ative Zoology.  The  specific  name  is  a  noun  in  ap- 
position after  the  type  locality. 

Description.  Female.  Carapace  brown 
with  head  swellings  and  rim  lighter.  Ster- 
num dark  brown,  legs  brown.  Dorsum  of 
abdomen  dark  brown  with  white  patches; 
sides,  venter  brown.  Carapace  with  three 
pairs  of  deep  grooves,  rim,  thoracic 
depression;  swellings  on  each  side  of  head 
have  denticles  (Fig.  812).  Abdomen  square 
with  fairly  long  spines  (Figs.  812,  813). 
Total  length,  5.0  mm.  Carapace,  1.8  mm 
long,  1.3  mm  wide.  First  femur,  1.3  mm; 
patella  and  tibia,  1.6  mm;  metatarsus,  0.9 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.4  mm;  third,  0.9  mm.  Fourth  fe- 
mur, 1.9  mm;  patella  and  tibia,  1.6  mm; 
metatarsus,  1.2  mm;  tarsus,  0.5  mm. 

Male.  Orange  except  for  black  abdo- 
men spines  and  black  book-lungs.  Cara- 
pace with  three  pairs  of  dimples,  circular 
thoracic  depression  and  teeth  around  tho- 
racic margin.  Scattered  small  blunt  teeth 
on  head  and  carapace  (Fig.  818).  First  tib- 
ia slightly  S-shaped.  Abdomen  longer  than 
wide,  with  twelve  spines  (Fig.  818).  Total 


length,  3.0  mm.  Carapace,  1.3  mm  long, 
1.0  mm  wide.  First  femur,  1.0  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.9 
mm;  tarsus,  0.4  mm.  Second  patella  and 
tibia,  1.1  mm;  third,  0.6  mm.  Fourth  fe- 
mur, 1.1  mm;  patella  and  tibia,  1.0  mm; 
metatarsus,  0.8  mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  4.2  to  5.2  mm,  males  from  2.6  to  3.2 
mm. 

Note.  Males  and  females  have  been  col- 
lected together  several  times,  but  one  male 
was  collected  with  C.  woytkowskii  at  Las 
Palmas,  Peru. 

Diagnosis.  The  bulge  of  the  female 
eqigynum  is  lower  than  that  of  C.  picta 
(Figs.  815-817)  and,  unlike  other  species, 
the  inner  and  outer  parts  of  the  seminal 
recepticles  are  of  equal  length  (Fig.  814). 
The  male  differs  from  others  by  the  tu- 
bular shape  of  the  paracymbium  (Fig.  820) 
and  the  triangular  shape  of  the  conductor 
(Fig.  819). 

Distribution.  Peru  (Map  15). 

Paratopes.  PERU:  Dept.  Ucayali.  Co- 
lonia  Calleria,  15  km  from  Ucayali,  1-16 
Oct.  1961,  59,  23  (B.  Malkin,  AMNH);  Pu- 
callpa,  Nov.  1946,  9  (J.  C.  Pallister, 
AMNH).  Huanuco.  Cucharas,  Huallaga 
Valley,  Feb.-April  1954,  29,  2<3  (F.  Woyt- 
kowski, EPC);  Tingo  Maria,  2  June  1967, 
9  (A.  F.  Archer,  AMNH),  Oct.  1946,  9,  21 
Nov.  1946,  29,  28  May  1947,  9  (J.  C.  Pal- 
lister, AMNH);  Yurac,  107  km  E  of  Tingo 
Maria,  16  Nov.  1954,  9  (E.  I.  Schlinger,  E. 
S.  Ross,  CAS);  Monson  Valley,  Tingo  Ma- 
ria. 1954,  numerous  coll.  of  99,  66  (E.  I. 
Schlinger,  E.  S.  Ross,  CAS);  8  km  W  Las 
Palmas,  5  Oct.  1954,  <5  (E.  I.  Schlinger,  E. 
S.  Ross,  CAS).  Ayacucho.  Monterico,  6  (D. 
Jelski,  PAN). 


Figures  812-820.     Chae'acis  cucharas  n.  sp.  812-817.  Female.  812.  Lateral.  813.  Dorsal.  814-817.  Epigynum.  814.  Dorsal, 
cleared.  815.  Ventral.  816  Posterior.  817.  Lateral.  818-820.  Male.  818.  Dorsal.  819.  Left  palpus,  mesal.  820.  Palpus,  lateral. 

Figures  821-826.     Chaetacis  woytkowskii  r\.  sp.,  female.  821.  Lateral.  822.  Dorsal.  823-826.  Epigynum.  823.  Dorsal,  cleared. 
824.  Ventral.  825.  Posterior,  826.  Lateral. 


Figures  827-832.    Chaetacis  abrahami  Mello-Leitao,  female.  827.  Lateral.  828.  Dorsal.  829-832.  Epigynum.  829.  Dorsal,  cleared. 
830.  Ventral.  831.  Posterior.  832.  Lateral. 
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Figures  833-836.     Chaetacis  picta  (C.  L.  Koch),  male.  833.  Dorsal.  834.  Palpus,  mesal.  835.  Palpus,  lateral  836  Paracymbium 
lateral  (Peru). 

Scale  line.  0.1  mm,  except  Figures  812,  813,  818,  821,  822,  827,  828,  833,  1.0  mm. 
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Chaetacis  woytkowskii  new  species 
Figures  821-826;  Map  15 

Holotype.  Female  and  ten  female  paratypes  from 
Cucharas,  Huallaga  Valley,  Dept.  Huanuco,  Peru, 
Feb.-April  1954  (F.  Woytkowski,  MCZ).  The 
species  is  named  after  the  collector. 

Description.  Female.  Carapace  orange, 
black  posteriorly.  Sternum,  legs  orange. 
Dorsum  of  abdomen  white  except  for  large 
black  spines;  sides,  venter  orange;  heavily 
sclerotized  areas  black.  Carapace  with  two 
spines  on  head,  three  pairs  of  dimples  in 
grooves,  distinct  thoracic  depression  and 
a  very  wide  rim  (Figs.  821,  822).  Abdo- 
men with  twelve  spines;  longer  than  wide, 
widest  posteriorly  (Figs.  821,  822).  Total 
length,  4.8  mm.  Carapace,  1.9  mm  long, 
1.4  mm  wide.  First  femur,  1.6  mm;  pa- 
tella and  tibia,  1.6  mm;  metatarsus,  1.1 
mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  1.3  mm;  third,  0.9  mm.  Fourth  fe- 
mur, 1.8  mm;  patella  and  tibia,  1.5  mm; 
metatarsus,  1.2  mm;  tarsus,  0.5  mm. 

Variation.  Females  vary  in  total  length 
from  4.5  to  5.0  mm. 

Note.  A  male  collected  with  females  at 
Las  Palmas,  Peru  appeared  to  be  M.  cu- 
charas, and  was  placed  with  that  species. 

Diagnosis.  Chaetacis  woytkowskii  dif- 
fers from  C.  cornuta  by  having  a  longer 
abdomen,  the  second  and  fourth  spines 
subequal  in  size  (Figs.  821,  822),  and  by 
having  the  epigynum  more  cone-shaped 
in  profile  (Figs.  825,  826);  it  differs  from 
M.  cucharas  by  having  spines  rather  than 
tubercles  behind  the  eyes  (Figs.  821,  822). 

Distribution.  Ecuador,  Peru  (Map  15). 

Paratypes.  ECUADOR:  Prov.  Napo.  R. 
F.  Cuyabeno,  14  Feb.  1984,  $  (L.  Aviles, 
MECN).  PERU:  Dept.  Huanuco.  Cucha- 
ras, Huallaga  Valley,  Feb.-April  1954,  479 
(F.  Woytkowski,  EPC);  Santa  Teresa, 
Huallaga  Valley,  Aug.  1954,  69  (F.  Woyt- 
kowski, EPC);  Tingo  Maria,  Monson  Val- 
ley, 26  Oct.  1954,  9,  19  Oct.  1954,  9,  28 
Oct.  1954,  29  (E.  I.  Schlinger,  E.  S.  Ross, 
CAS),  8  Oct.  1948,  9,  26  May  1947,  9  (J. 
C.  Pallister,  AMNH),  5  June  1967,  29  (A. 
F.    Archer,    AMNH),   Oct.    1946,   9    (W. 


Weyrauch,  EPC);  8  km  W  Las  Palmas,  5 
Oct.  1954,  9  (E.  I.  Schhnger,  E.  S.  Ross, 
CAS).  San  Martin.  Bellavista,  11  Dec. 
1946,  9,  6  (J.  C.  Pallister,  AMNH).  Ama- 
zonas.  Rio  Alto  Marafion  betw.  Rio  Cam- 
pa  and  Rio  Nieva,  10-24  Sept.  1924,  9 
(Klug,  AMNH).  Ucayali.  Rio  Calleria,  15 
km  from  Ucayah,  Oct.  1961,  39  (B.  Malk- 
in,  AMNH). 

Chaetacis  abrahami  Mello-Leitao 
Figures  827-832;  Map  15 

chaetacis  abrahami  Mello-Leitao,  1948:  162.  Fe- 
male holotype  from  Yawakuri  River,  Guyana,  July 
1919  (BMNH),  examined. 

Chaetacis  minima  Mello-Leitao,  1948:  163.  Imma- 
ture male  and  immature  female  syntypes  from 
Kuruabaru  Creek,  Guyana,  Sept,  1919  (BMNH), 
examined.  NEW  SYNONYMY. 

Chaetacis  tuberculata  Chickering,  1959:  472,  figs. 
20-24,  9.  Female  holotype  and  one  paratype  from 
source  of  Kutari  River,  British  Guyana  (BMNH), 
examined.  NEW  SYNONYMY. 

Synonymy.  The  type  vial  of  C.  abra- 
hami is  labeled  "manuscript  name"  in 
Chickering's  handwriting.  The  species  de- 
scription has  been  missed  by  the  Zoologi- 
cal Record,  and  Chickering  apparently 
overlooked  it.  It  is  recorded  in  the  Brig- 
noli  (1983)  catalog.  C.  minima  are  im- 
matures  with  the  full  number  of  spines. 

Description.  Female.  Carapace  with 
head  swellings  bearing  denticles  (Fig.  828); 
thoracic  region  with  a  median  depression 
and  four  deep  grooves  dividing  swellings 
bearing  teeth.  Abdomen  squarish  with 
seven  pairs  of  spines.  Total  length,  5.2  mm. 
Carapace,  2.0  mm  long,  1.4  mm  wide. 
First  femur,  1.5  mm;  patella  and  tibia,  1.6 
mm;  metatarsus,  1.0  mm;  tarsus,  0.5  mm. 
Second  patella  and  tibia,  1.3  mm;  third, 
0.9  mm.  Fourth  femur,  1.9  mm;  patella 
and  tibia,  1.4  mm;  metatarsus,  1.2  mm; 
tarsus,  0.5  mm. 

Variation.  Females  varied  from  4.5  to 
5.2  mm. 

Note.  The  male  is  unknown;  a  male  of 
Micrathena  pungens  has  been  collected 
with  this  species  in  Manaus. 

Diagnosis.  This  species  differs  from  C. 
aureola  and  other  14-spined  species  by  the 
relatively  flat  epigynum  (Figs.  830-832). 
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Distribution.  Colombia,  Guyana  to 
Mato  Grosso,  Brazil  (Map  15). 

Records.  GUYANA:  Canje,  Ikuruwa 
River,  1961,  9  (G.  Bentley,  AMNH). 
FRENCH  GUIANA:  Cayenne,  9  (K.  Jel- 
ski,  PAN);  St.  Laurent  de  Maroni,  6$  (K. 
Jelski,  PAN).  COLOMBIA:  Dept.  Mag- 
dalena.  Rio  Frio,  25  July  1926,  2  (F.  W. 
Walker,  AMNH).  BRAZIL:  Terr.  Amapd. 
Villa  Amazonas,  29  May  1964,  8$  (C.  E., 
E.  S.  Ross,  CAS).  Est  Amazonas.  Manaus, 
Aug.  1971,  39  (M.  E.  Galiano,  MEG).  Mato 
Grosso.  Oct.  1976,  9  (M.  Alvarenga, 
AMNH). 

Chaetacis  picta  (C.  L.  Koch) 
Figures  833-843;  Map  15 

Acrosoma  pictum  C.  L.  Koch,  1836:  61,  pi.  214,  9. 
Female  from  Brazil  (ZSM),  destroyed. 

Micrathena  conspicua  Mello-Leitao,  1929:  110,  pi. 
21,  9.  Female  holotype  from  Tapera,  Pernambuco, 
in  vial  labeled  M.  tigris  (MNRJ),  examined;  1932, 
fig.  3,  9.  NEW  SYNONYMY. 

Chaetacis  evansi  Chickering,  1959:  469,  figs.  12-16, 
S.  Male  holotype  from  Monte  Allegro  Forest,  San- 
tarem,  Brazil  (BMNH),  examined.  NEW  SYN- 
ONYMY. 

Chaetacis  rugosa  Chickering,  1959:  471,  figs.  17-19, 
9.  Female  holotype,  four  female  paratypes  from 
Monte  Allegro  Forest,  Santarem,  Brazil  (BMNH), 
examined.  NEW  SYNONYMY. 

Synonymy.  Koch's  illustration  for  a 
twelve-spined  Chaetacis  fits  this  species 
best,  particularly  the  color  markings. 
Chickering  named  the  male  evansi,  the 
female  rugosa. 

Description.  Female.  Thorax  with  four 
pairs  of  dark  grooves;  tiny  spines  between 
third  and  fourth  grooves  (Figs.  837,  838). 
Abdomen  squarish  with  six  pairs  of  spines 
and  many  small  sclerotized  disks  (Figs. 
837,  838).  Total  length,  5.4  mm.  Cara- 
pace, 1.9  mm  long,  1.4  mm  wide.  First 
femur,  1.4  mm;  patella  and  tibia,  1.5  mm; 
metatarsus,  1.1  mm;  tarsus,  0.5  mm.  Sec- 
ond patella  and  tibia,  1.2  mm;  third,  0.9 
mm.  Fourth  femur,  1.9  mm;  patella  and 
tibia,  1.4  mm;  metatarsus,  1.1  mm;  tarsus, 
0.5  mm. 

Male  holotype  of  evansi.  Carapace  with 
small  teeth  around  edge,  two  small  areas 
bearing  teeth  on  head,  one  on  each  side. 


and  three  pairs  of  swollen  areas  on  cara- 
pace (Fig.  833).  Abdomen  without  spines, 
longer  than  wide,  narrower  anteriorly  than 
posteriorly,  with  folds  on  posterior  and 
anterolateral  edges.  First  leg  with  tibia 
swollen  at  proximal  end,  distal  end  strong- 
ly curved  (Fig.  833).  Total  length,  3.4  mm. 
Carapace,  1.6  mm  long,  1.1  mm  wide. 
First  femur,  1.0  mm;  patella  and  tibia,  1.2 
mm;  metatarsus,  0.8  mm;  tarsus,  0.4  mm. 
Second  patella  and  tibia,  1.2  mm;  third, 
0.6  mm.  Fourth  femur,  1.4  mm;  patella 
and  tibia,  1.0  mm;  metatarsus,  0.7  mm; 
tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  4.0  to  5.6  mm.  Females  from  Mato 
Grosso  may  have  the  tubercular  swellings 
in  the  head  region  cone-shaped.  They  per- 
haps belong  to  a  different  species. 

Note.  The  only  male  collected  with  a 
female  came  from  Santana,  Rio  Matapi. 
It  is  uncertain  whether  they  belong  to- 
gether. However,  both  female  and  male 
resemble  the  14-spined  C.  aureola.  The 
illustrations  (Figs.  837-841)  were  made 
from  the  type  of  C.  rugosa;  those  of  the 
male  (Figs.  833-835)  from  C.  evansi.  The 
male  appears  to  have  its  paracymbium 
broken.  The  paracymbium  of  the  male 
from  Peru  is  also  illustrated  (Fig.  836). 

Diagnosis.  The  female  can  be  separat- 
ed from  other  12-spined  species  by  the 
longer  cone-shaped  bulge  of  the  epigy- 
num  (Figs.  841-843).  The  male  can  be  dis- 
tinguished by  the  shape  of  the  paracym- 
bium and  the  swollen  first  tibia  (Figs.  833, 
835,  836).  The  species  is  probably  close  to 
C.  aureola. 

Range.  Guyana  to  Paraguay  (Map  15). 

Records.  GUYANA:  Kartabo.  1924,  9 
(CUC).  PERU:  Dept.  Hudnuco.  Monson 
Valley,  Tingo  Maria,  12  Oct.  1942,  6  (E. 
I.  Schlinger,  E.  S.  Ross,  CAS).  BRAZIL: 
Terr.  Amapd.  Santana,  Rio  Matapi,  June 
1966,  29,  6,  imm.  (M.  E.  Galiano,  MEG); 
Serra  do  Navio,  June  1966,  29  (M.  E.  Ga- 
liano, MEG).  Est.  Pard.  Val-de-Cans,  Be- 
lem,  20-21  Nov.  1963,  9  (Oliveira,  P.  Wy- 
godzinsky,  AMNH).  Maranhdo.  Santa 
Barbara,  Sao  Felix  de  Balsas,  May-June 
1965,  29  (G.  Eiten,  AMNH).  Mato  Grosso. 
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Jaciara,  June  1963,  2  (M.  Alvarenga, 
AMNH);  Barra  do  Tapirape,  Nov.  1960, 
29,  Dec.  1961,  2  (B.  Malkin,  AMNH).  BO- 
LIVIA: Dept.  Cochabamba.  Feb.  1952,  2 
(Martina,  MULP).  PARAGUAY:  San  Luiz 
[?],  Oct.  1908,  2  (AMNH). 


Chaetacis  aureola  (C.  L.  Koch) 
Figures  844-852;  Map  15 

Acrosoma  aureolum  C.  L.  Koch,  1836:  60,  fig.  213, 
S.  Female  from  Brazil  (ZSM),  destroyed. 

Acrosoma  affinis  C.  L.  Koch,  1839:  131,  fig.  525,  2. 
Female  from  Brazil  (ZSM),  destroyed.  NEW  SYN- 
ONYMY. 

Chaetacis  affinis: — Simon,  1895:  863.  Roewer,  1942: 
951.  Bonnet,  1956:  1030. 

Chaetacis  hirsuta  Mello-Leitao,  1932:96,  fig.  7,  9.  Fe- 
male holotype  from  Para  [Belem],  Brazil  (MNRJ), 
examined.  NEW  SYNONYMY. 

Chaetacis  aculeata  Chickering,  1959:  466,  figs.  1-5, 
9.  Female  holotvpe  from  Gurupa,  Brazil  (BMNH), 
examined.  NEW  SYNONYMY. 

Chaetacis  dentata  Chickering,  1959:  468,  figs.  6-11, 
$.  Male  holotvpe  from  Gurupa,  Brazil  (BMNH), 
examined.  NEW  SYNONYMY. 

Synonymy.  The  description  of  A.  au- 
reolum fits  this  species,  although  C.  L. 
Koch  does  not  mention  or  show  the  head 
swelhngs.  They  are  at  times  quite  indis- 
tinct. Koch  later  gave  a  description  of  the 
diagnostic  head  swellings  and  the  spina- 
tion  for  A.  affinis,  leaving  no  doubt  as  to 
its  identity.  Chickering  named  the  female 
aculeata,  the  male  dentata. 

Description.  Female.  Carapace  with 
spiny  swellings  on  each  side  of  head;  dim- 
ples on  each  side  of  thorax  in  deep  grooves; 
bulges  between  grooves  with  denticles. 
Abdomen  almost  square  in  dorsal  view, 
with  seven  spines  on  each  side,  the  second 
and  fifth  the  largest,  and  many  sclerotized 
discs,  both  large  and  minute  (Figs.  844, 
845).  Total  length,  5.0  mm.  Carapace,  1.9 


mm  long,  1.4  mm  wide.  First  femur,  1.5 
mm;  patella  and  tibia,  1.6  mm;  metatar- 
sus, 1.0  mm;  tarsus,  0.5  mm.  Second  pa- 
tella and  tibia,  1.4  mm;  third,  0.9  mm. 
Fourth  femur,  1.9  mm;  patella  and  tibia, 
1.4  mm;  metatarsus,  1.2  mm;  tarsus,  0.5 


mm. 


Male.  Carapace  like  female.  Patella  of 
first  leg  with  a  small  lobe  on  outside,  bear- 
ing a  macroseta.  Tibia  of  first  leg  very 
curved  and  with  macrosetae  on  underside. 
Abdomen  trapezoidal,  without  spines  (Fig. 
850).  Total  length,  3.0  mm.  Carapace,  1.4 
mm  long,  1.0  mm  wide.  First  femur  0.9 
mm;  patella  and  tibia,  0.9  mm;  metatar- 
sus, 0.6  mm;  tarsus,  0.4  mm.  Second  pa- 
tella and  tibia,  1.0  mm;  third,  0.6  mm. 
Fourth  femur,  1.2  mm;  patella  and  tibia, 
0.9  mm;  metatarsus,  0.6  mm;  tarsus,  0.4 
mm. 

Variation.  Females  vary  4.5  to  5.2  mm 
total  length,  males  3.0  to  3.8  mm.  Many 
females  have  a  longer,  larger  swelling  with 
denticles  on  each  side  of  the  head.  But  the 
size  of  these  denticles  is  variable.  Several 
females  from  Rio  de  Janeiro  have  13  spines 
on  the  abdomen,  missing  a  small  one  on 
one  side.  The  shape  of  the  epigynal  cone 
is  variable.  The  paracymbium  is  longer  in 
the  palpus  of  a  male  from  Rio  de  Janeiro. 

Note.  Males  are  commonly  collected 
with  females.  Penultimate  females  have 
the  same  number  of  abdominal  spines  on 
the  abdomen  as  adult  females.  Figures 
844-849  were  made  from  paratypes  of  C. 
aculeata;  Figures  850-852  from  the  ho- 
lotype of  C.  dentata. 

Diagnosis.  Females  differ  from  C.  pic- 
ta  by  having  14  rather  than  12  spines  (Figs. 
844,  845);  males  by  the  differently  shaped 
paracymbium  (Fig.  852).  Females  of  C. 
aureola  differ  from  C.  abrahami  by  hav- 


Figures  837-843.  Ctiaetacis  picta  (C.  L.  Kocti),  female.  837.  Lateral.  838.  Dorsal.  839-843.  Epigynum.  839,  840.  Dorsal, 
cleared.  841.  Ventral.  842.  Posterior.  843.  Lateral.  839.  (Belem,  Brazil).  840.  (Barra  da  Tapirape,  Brazil).  841-843.  (Santarem, 
Brazil). 

Figures  844-852.  Chaetacis  aureola  (C.  L.  Koch).  844-849.  Female.  844.  Lateral.  845.  Dorsal.  846-849.  Epigynum.  846. 
Dorsal,  cleared.  847.  Ventral.  848.  Posterior.  849.  Lateral.  850-852.  Male.  850.  Dorsal.  851.  Left  palpus,  mesal.  852.  Palpus, 
lateral. 
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Figures  853-861.     Chaetacis  necopinata  (Chickering).  853-858.  Female.  853.  Lateral.  854.  Dorsal.  855-858.  Epigynum.  855. 
Dorsal,  cleared.  856.  Ventral.  857.  Posterior.  858.  Lateral.  859-861.  Male.  859.  Dorsal.  860.  Palpus,  mesal.  861.  Palpus,  lateral. 

Scale  lines.  0.1  mm,  except  Figures  837,  838,  844,  845,  850,  853,  854,  859,  1.0  mm. 
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ing  a  cone-shaped  epigynum  (Figs.  847- 
849). 

Natural  History.  Specimens  have  been 
collected  by  D.  Smith  in  Suriname  in 
swamp  forest  with  the  web  center  1  m 
above  the  ground,  and  in  mountain  savan- 
nah forest,  45  cm  above  the  ground. 

Distribution.  Suriname  to  southeastern 
Brazil  (Map  15). 

Records.  SURINAME:  Saramacca  Prov. 
Voltzberg-Raleighvallen  Nature  Reserve, 
Feb.  1982,  59,  S  (D.  Smith  Trail,  MCZ). 
FRENCH  GUIANA:  Cayenne,  9  (K.  Jel- 
ski,  PAN).  BRAZIL:  Est.  Para.  Santarem, 
forest,  1896,  39  (F.  O.  P.-Cambridge,  E. 
E.  Austin,  BMNH);  Belem,  12  Feb.  1959, 
9,  6  (A.  M.  Nadler,  AMNH),  July  1971,  9 
(T.  McGrath,  MCZ);  50  km  E  of  Caninde, 
Rio  Gurupi,  22-25  Feb.  1966,  9,  S  (B. 
Malkin,  AMNH).  Amazonas.  Manaus, 
Aug.  1971,  9  (M.  E.  Galiano,  MEG).  Ron- 
donia.  Abuna,  March  1922,  9  (J.  H.  Wil- 
liamson, MCZ).  Bahia.  Itamaraju,  7  Dec. 
1978,  9  (J.  Santos,  FZRS);  Camacari,  2  Dec. 
1977,  <5  (J.  Santos,  FZRS);  Ilheus,  Jan.  1964, 
29  (Papavero,  FZRS),  9  (MZSP).  Mato 
Grosso.  Chapada  dos  Guimaraes,  Nov. 
1963,  29,  S  (M.  Alvarenga,  AMNH).  Mi- 
nas  Gerais.  Ponte  Nova,  Rio  Casca,  Feb. 
1953,  9  (Schubart,  MZSP).  Rio  de  Janeiro. 
San  Antonio  do  Imbe,  Jan.  1961,  89,  6  (M. 
Alvarenga,  AMNH);  Pinheiro,  9  (MNRJ). 
PARAGUAY:  Dept.  Amambay.  Cerro 
Cora,  Oct.  1981,  9  (J.  Kochalka,  JAK). 

Chaetacis  necopinata  (Chickering)  new 
combination 
Figures  853-861 ;  Map  15 

Micrathena  necopinata  Chickering,  1960c:  84,  figs. 
71-73,  <J.  Male  holotype  from  the  Amazon  (HEO), 
examined. 

Note.  The  exact  type  locality  is  un- 
known. 

Description.  Female.  Carapace  orange 
with  white  rim;  black  patch  posteriorly  on 
each  side  of  thorax.  Sternum  dark  brown. 
Coxae  and  femora  orange,  distal  articles 
of  legs  brown.  Dorsum  of  abdomen  white 


with  black  patches;  sides  white  and  black; 
venter  white  and  black  with  book-lungs 
black;  ring  around  spinnerets  black.  Car- 
apace with  two  semi-triangular  spines  on 
head,  fairly  smooth,  with  two  pairs  of 
dimples,  a  round  thoracic  depression  and 
rim.  Abdomen  longer  than  wide,  with  14 
spines  and  pair  of  tubercles  anterolater- 
ally  (Figs.  853,  854);  dorsal  white  areas 
smooth;  dark  posterior  and  ventral  areas 
punctate.  Total  length,  6.2  mm.  Cara- 
pace, 2.3  mm  long,  1.5  mm  wide.  First 
femur,  1.9  mm;  patella  and  tibia,  1.9  mm; 
metatarsus,  1.3  mm;  tarsus,  0.6  mm.  Sec- 
ond patella  and  tibia,  1.7  mm;  third,  1.2 
mm.  Fourth  femur,  2.4  mm;  patella  and 
tibia,  1.9  mm;  metatarsus,  1.4  mm;  tarsus, 
0.6  mm. 

Male.  Carapace  with  pair  of  spines  in 
head  region,  two  pairs  of  indistinct  dim- 
ples, distinct  thoracic  depression,  and  tho- 
racic area  rough.  First  leg  not  modified. 
Abdomen  with  14  spines  (Fig.  859).  Total 
length,  3.4  mm.  Carapace,  1.4  mm  long, 
0.9  mm  wide.  First  femur,  1.2  mm;  pa- 
tella and  tibia,  1.2  mm;  metatarsus,  0.9 
mm;  tarsus,  0.4  mm.  Second  patella  and 
tibia,  1.1  mm;  third,  0.6  mm.  Fourth  fe- 
mur, 1.3  mm;  patella  and  tibia,  1.0  mm; 
metatarsus,  0.8  mm;  tarsus,  0.4  mm. 

Variation.  Females  vary  in  total  length 
from  4.9  to  6.1  mm. 

Note.  The  spination  of  the  abdomen  and 
the  head  spine  suggest  that  the  female  be- 
longs with  the  male  of  C.  necopinata. 

Diagnosis.  This  is  the  only  species  hav- 
ing 14  abdominal  spines  and  a  pair  of 
spines  (rather  than  swellings)  on  the  head 
(Figs.  853,  854).  The  male  differs  from  all 
others  by  having  a  pair  of  spines  on  the 
head  and  having  14  abdominal  spines  (Fig. 
859). 

Distribution.  Northeastern  Peru  (Map 
15). 

Paratypes.  PERU:  Dept.  Amazonas.  Rio 
Alto  Marafion,  betw.  Rio  Campa  and  Rio 
Nieva,  Sept.  1924,  9  (Klug,  AMNH). 
Ucayali.  Colonia  Calleria,  Rio  Calleria,  15 
km  from  Ucayali,  10-30  Sept.  1961,  9,  1- 
16  Oct.  1961,  9  (B.  Malkin,  AMNH);  Pu- 
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callpa,  2  Oct.  1954,  9  (E.  I.  Schlinger,  E. 
S.  Ross,  CAS). 
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difissa,  Plectana,  568 

digitata,  Micrathena,  473*,  475 

digitatum,  Acrosoma,  475 

disjuncta,  Micrathena,  506 

donaldi,  Micrathena,  579*,  580,  587* 

duodecimspinosa,  Micrathena,  505,  507* 

duplicata,  Plectana,  554 

elongatospinosa,  Aranea,  581 

elongata,  Micrathena,  459,  461* 

elongatum,  Acrosoma,  459 

embira,  Micrathena,  552,  553* 

evansi,  Chaetacis,  609 

evansi,  Micrathena,  443*,  535*,  536 

excavata,  Micrathena,  515*,  516 

excavatum,  Acrosoma,  516 

exlinae,  Micrathena,  514,  515* 

fericula,  Acrosoma,  544 

fericula,  Ildibaha,  544 

fericula,  Micrathena,  544 

fidelis,  Acrosoma,  477 

fidelis,  Micrathena,  All,  479* 

fissispina,  Acrosoma,  478 

fissispina,  Micrathena,  478,  479* 

fissispina  var.  nigrichelis,  Micrathena,  455 

flabellata,  Plectana,  568 

flaveola,  Acrosoma,  544 

flaveola,  Micrathena,  443*,  543*,  544 

flaveolum,  Acrosoma,  544 

flavomaculatum,  Acrosoma,  594 

forcipata,  Micrathena,  491,  593*,  594 

forcipatum,  Acrosoma,  594 

funebre,  Acrosoma,  586 

funebris,  Micrathena,  586,  589* 

furcata,  Epeira,  568 

furcata,  Micrathena,  568,  569* 

furcata,  Plectana,  563 

furcula,  Acrosoma,  483 

furcula,  Micrathena,  481*,  483 

furva,  Micrathena,  473*,  476 

furvum,  Acrosoma,  476 

gamma,  Micrathena,  539 

Gasteracanthinae,  439 

gaujoni,  Micrathena,  478,  479* 

gentilicia,  Micrathena,  539 

gertschi,  Micrathena,  512 

gibbosum,  Acrosoma,  512 

gilvulum,  Acrosoma,  568 

gladiola,  Micrathena,  544 

gladiola,  Plectana,  544 

glyptogonoides,  Micrathena,  593*,  594 

gracilis  group,  588 

gracilis,  Epeira,  595 

gracilis,  Micrathena,  596 

gracilis,  Micrathena,  595,  597* 

granulata,  Micrathena,  586 

guanabara,  Micrathena,  503*,  505 
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guayas,  Micrathena,  575,  577* 

guerini  group,  447 

giierini,  Micrathena,  449,  451* 

guerinii,  Acrosoma,  449 

gurupi,  Micrathena,  459,  461* 

hamata,  Micrathena,  581 

hamifera,  Micrathena,  569*,  570 

henseli,  Micrathena,  455 

hirsuta,  Chaetacis,  610 

horrida,  Acrosoma,  596 

horrida.  Micrathena,  596,  597* 

huanuco,  Micrathena,  514,  515* 

hyatti,  Micrathena,  475 

Il'dibaha,  440 

imbelhs,  Micrathena,  490 

inaequaHs,  Micrathena,  496 

inermis,  Ildibaha,  542 

insolita,  Micrathena,  536 

joinvillicola,  Micrathena,  496 

jundiai,  Micrathena,  531*,  532 

Keyserlingia,  440 

kirbyi  group,  460 

kirbyi,  Acrosoma,  500 

kirbyi,  Micrathena,  500,  501* 

kochalkai,  Micrathena,  451*,  452 

lata,  Micrathena,  565,  567* 

lenca,  Micrathena,  524,  525* 

lepida,  Micrathena,  536 

lepidoptera  group,  546 

lepidoptera,  Micrathena,  434,  547*,  548 

lesserti,  Micrathena,  556 

levii,  Micrathena,  536 

lindenbergi,  Micrathena,  502,  503* 

longicaudum,  Acrosoma,  596 

lordotica,  Micrathena,  454 

lucasi,  Acrosoma,  496 

lucasi,  Micrathena,  495*,  496 

luctuosa,  Acrosoma,  598 

luctuosa,  Micrathena,  599 

luteomaculata,  Micrathena  patruelis,  488 

macfarlanei,  Micrathena,  498,  501* 

macilenta,  Micrathena,  506 

macracantha,  Plectana,  554 

maculata,  Acrosoma,  586 

mammillata,  Acrosoma,  596 

mammillata,  Micrathena,  596 

mansueta,  Micrathena,  522 

margerita,  Micrathena,  589*,  592 

maronica,  Acrosoma,  509 

maronica,  Micrathena,  509 

marta,  Micrathena,  517,  519* 

mathani,  Micrathena,  537 

matronale,  Acrosoma,  595 

mediovittata,  Micrathena  patruelis,  488 

Meganopla,  440 

melloleitaoi,  Micrathena,  498 

Micrathena,  440 

miles,  Micrathena,  481*,  482 

miles  nigra,  Micrathena,  482 

militaris  group,  558 


militaris,  Aranea,  563 

mihtaris,  Micrathena,  562 

militaris,  Micrathena,  561*,  563,  567* 

minima,  Chaetacis,  608 

mirifica,  Micrathena,  516 

misionesica,  Ildibaha,  550 

mitrata,  Epeira,  486 

mitrata,  Micrathena,  485*,  486,  487* 

modica,  Micrathena,  518 

molesta,  Micrathena,  523,  525* 

multituberculata,  Micrathena,  596 

munsonae,  Micrathena,  537 

mutilloides,  Ildibaha,  557 

myrmeciaeformis,  Acrosoma,  554 

myrmeciaeformis,  Ildibaha,  556 

necopinata,  Chaetacis,  611*,  612 

necopinata,  Micrathena,  446,  612 

nigra,  Micrathena  miles,  482 

nigrichelis,  Micrathena,  443*,  455,  457* 

nigrior,  Micrathena,  595 

nigripes,  Pronous,  542 

nitida,  Micrathena,  509 

oblonga,  Acrosoma,  500 

oblonga,  Micrathena,  500 

obtusospina,  Micrathena,  585 

obtusospinum,  Acrosoma,  585 

occidentalis,  Acrosoma,  496 

occidentalis,  Micrathena,  496 

ornata,  Micrathena,  546,  547* 

osa,  Chaetacis,  603,  605* 

paraguayensis,  Micrathena,  571 

parallela,  Micrathena,  502 

parallela,  Micrathena,  507*,  508 

parallela,  Acrosoma,  508 

patruele,  Acrosoma,  489 

patruelis,  Micrathena,  486,  490 

patruelis,  Micrathena,  487*,  489 

patruelis  luteomaculata,  Micrathena,  488 

patruelis  mediovittata,  Micrathena,  488 

peregrinatora,  Micrathena,  530,  531* 

peregrinatorum,  Acrosoma,  530 

perlata,  Micrathena,  537,  581 

peruana,  Micrathena,  486 

petersii,  Acrosoma,  585 

petrunkevitchi,  Micrathena,  576,  577* 

pfannli,  Micrathena,  476 

pichincha,  Micrathena,  578,  579*,  587* 

picta,  Chaetacis,  607*,  609,  611* 

pictum,  Acrosoma,  446,  609 

pilaton,  Micrathena,  450,  451* 

pilosa,  Acrosoma,  512 

pilosa,  Micrathena,  512 

plana,  Micrathena,  509,  511* 

planata,  Micrathena,  527 

planum,  Acrosoma,  509 

praeterita,  Micrathena,  539 

prudens,  Micrathena,  571 

pubescens,  Micrathena,  483,  509 

pungens,  Acrosoma,  598 

pungens,  Plectana,  598 
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pungens,  Micrathena,  597*,  598 

pupa,  Micrathena,  470,  471* 

quadriserrata,  Micrathena,  518,  521* 

raceminum,  Acrosoma,  596 

raimondii,  Acrosoma,  480 

raimondi,  Micrathena,  480,  481* 

reali,  Micrathena,  457*,  458 

reduviana  var.  alba,  Micrathena,  491 

reduviana  var.  rufa,  Micrathena,  491 

reimoseri,  Micrathena,  565,  567* 

retracta,  Micrathena,  490 

rouxi,  Chaetacis,  518 

rubicundula,  Micrathena,  453*,  454 

rubicundulum,  Acrosoma,  454 

rubrocincta,  Micrathena,  486 

rubrocinctum,  Acrosoma,  486 

rubrospinosum,  Acrosoma,  522 

rufa,  Acrosoma,  537 

rufa,  Micrathena  reduviana,  491 

rufopunctata,  Micrathena,  485*,  486 

rufopunctatum,  Acrosoma,  486 

rugosa,  Chaetacis,  609 

ruschi,  Micrathena,  512 

saccata,  Micrathena,  485*,  487*,  490,  493* 

saccatum,  Acrosoma,  490 

sagittata,  Micrathena,  563 

sagittata,  Micrathena,  559,  561* 

sagittata,  Plectana,  559 

sanctispiritus,  Micrathena,  502 

schenkeli,  Micrathena,  539,  541* 

schreibersi  group,  550 

schreibersi,  Acrosoma,  554 

schreibersi,  Micrathena,  443*,  554,  555* 

sedes,  Acrosoma,  578 

serrata,  Micrathena,  508 

sexspinosum,  Acrosoma,  584 

sexspinosa,  Epeira,  584 

sexspinosa,  Micrathena,  584,  587* 

shealsi,  Micrathena,  458,  461* 

silvicola,  Micrathena,  571 

similis,  Micrathena,  493*,  494 

simoni,  Micrathena,  596 

soaresi,  Micrathena,  581,  583*,  587* 

sordida,  Acrosoma,  512 

sordida,  Micrathena,  512 

spathuhfera,  Micrathena,  504 

spinosa  group,  572 


spinosa,  Araneae,  581 

spinosa,  Micrathena,  581,  583*,  587* 

spinosa,  Micrathena,  494,  537 

spinosum,  Acrosoma,  554 

12-spinosum,  Acrosoma,  505 

spinulata,  Micrathena,  592,  593* 

spitzi,  Micrathena,  550,  553* 

squamosa,  Plectana,  584 

striata,  Micrathena,  589*,  591 

stiibeli,  Acrosoma,  504 

stiibeli,  Micrathena,  504 

stuebeli,  Micrathena,  503*,  504 

subflava,  Micrathena,  516 

subspinosa,  Micrathena,  506 

subtilis,  Acrosoma,  556 

swainsoni,  Acrosoma,  440,  571 

swainsoni,  Micrathena,  569*,  571 

taurus,  Aranea,  563 

tenuis,  Acrosoma,  556 

tenuis,  Micrathena,  556 

teresopolis,  Micrathena,  456,  457* 

tigris,  Micrathena,  478 

timida,  Micrathena,  490 

tovarensis,  Micrathena,  474 

transitorium,  Acrosoma,  446 

trapa,  Acrosoma,  496 

triangulare,  Acrosoma,  512 

triangularis,  Micrathena,  511*,  512 

triangularispinosa  group,  528 

triangularispinosa,  Aranea,  537 

triangularispinosa,  Micrathena,  535*,  537 

triserrata,  Micrathena,  520,  521* 

tuberculata,  Chaetacis,  608 

tucumana,  Micrathena,  476 

tumida,  Acrosoma,  446 

tziscao,  Micrathena,  525*,  526 

ucayali,  Micrathena,  540,  541* 

uncata,  Micrathena,  518 

vespoides,  Plectana,  554 

vigorsi,  Micrathena,  555*,  557 

vigorsii,  Acrosoma,  557 

vitiosa,  Micrathena,  544 

vitiosum,  Acrosoma,  544 

woythowskii,  Chaetacis,  607*,  608 

xanthopyga,  Micrathena,  474 

zilchi,  Micrathena,  471*,  472 
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